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Effects of Population Density on Prodenia litura (Lepidoptera: Noctuidae) ' 


M. A. ZAHER? ann MOUFIED A. MOUSSA‘ 
ABSTRACT 


In comparison with solitary individuals reared in isola- 
tion, larvae reared under crowded conditions had a 
shorter larval period, developed darker coloration, and 
gave rise to smaller pupae in which dry-matter, fat, and 
water contents all were reduced. Similarly, the adults 


Prodenia litura (Fabricius), a major pest of 
Egyptian cotton and other crops, attracts entomolo- 
gists’ attention because of wide variation in larval 
color. The general coloration of its caterpillars varies 
from light brown to very dark gray or almost black, 
according to Bishara (1934) and Willcocks and 
3ahgat (1937). The latter workers stated that these 
differences might result from climatic factors. 

Lepidopterous phase variation due to population 
density has been reported by Faure (1943a, 1943b) 
in larvae of Laphygma exigua Hubner and Laphygma 
exempta Walker, and by Long (1953) in Plusia 
gamma Linnaeus. Crowding of larvae was also 
found to have a noticeable effect on the morphology, 
physiology, and biology of Plusia gamma and Pieris 
brassicae Linnaeus (Long and Zaher 1958, 1960). 
The first study of phase variation resulting from 
population density was made by Uvarov (1921) on 
locusts. 

The object of the present study was to determine 
the relation between population density and phase 
variation in the larval, pupal, and adult stages of 
Prodenia litura. Experiments were carried out in 
the laboratory of the Plant Protection Department 
of the Ministry of Agriculture, Cairo, Egypt, during 
the summer of 1958. 


MATERIALS AND METHODS 


One egg mass of approximately 400 eggs, obtained 
from adults collected from fields in the vicinity of 
Giza, was used in this experiment. Newly hatched 
larvae of the same age were grouped at random in 
two categories, solitary and crowded. In the former 
group approximately 200 larvae were placed on in- 
leaves and kept in 1-liter 


dividual sweet-potato 


1 Accepted for publication July 14, 1960. 
2 Plant Protection Department, Faculty of 
versity of Cairo, Giza, Egypt, U.A.R. 


Agriculture, Uni- 


* Cotton Insects Investigations, Ministry of Agriculture, Cairo, 


Present address: E. Peoria, Il. 


Egypt, U.A.R. 
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emerging from these pupae weighed less than those de- 
veloping from isolated larvae. Their body length, fore 
wing, and hind femur were smaller, their costa/femur 
ratio larger, their pupal and adult periods were prolonged, 
and their females laid larger numbers of eggs. 


beakers. A dry filter paper, 9 cm. in diameter, was 
placed at the bottom of each beaker, and on this was 
stood a 2”x1” specimen tube, full of water, containing 
a stem of the food plant mounted through a hole in 
a cork. A 5.5-cm. filter-paper collar was fitted to 
the stem on the cork to help confine the young larvae 
to the host plant and to prevent them from drowning, 
and a stick was put in the beaker to enable fallen lar- 
vae to return to the food plant. The beakers were 
closed by fine muslin, held by rubber bands. Crowded 
larvae were reared in the way, except that 
four groups, of 50 larvae each, were put in 2-liter 
beakers. Surplus food was provided for the two cul- 
tures and was changed practically every day. The 
beakers were kept clean by removing the feces daily 
and changing the filter paper frequently. 

Fifth-instar larvae examined and 
into different groups on the basis of coloration. 


same 


classified 
\fter 
pupation, pupae of each group were weighed and 
kept separately in small boxes. When adults emerged, 
they were also weighed and sexed. Some adults were 
killed for further study; the others were kept alive 
in pairs in l-liter beakers. A 20% honey solution 
was provided for feeding moths. 

About 25 adults of each sex and group were killed 
by ether vapor within 12 hours of emergence and 
Wings were 


were 


were weighed immediately afterwards. 
removed and placed between two microscope slides 
for measurement. The hind femur was cut, 
measured, and placed with the body, which was cut 
into pieces and wrapped in a cigarette paper of 
known weight. 

In order to determine the amount of dry matter in 
the body, specimens were dried in an oven at 100 
to 105° C. for approximately 3 hours, until a con- 
stant weight was obtained. They were then placed 
in a Soxhlet apparatus for fat analysis, petroleum 
ether being used as solvent. 

The same procedure was followed for pupae. How- 


also 


a 
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ever, before cutting and wrapping pupae in paper, 
they were dried in an oven at 70° C. for half an hour 
so as to avoid loss of pupal contents during cutting. 8 0 8 
Morphometric differences used in this experiment 
were based on those recommended by the Inter- 
national Locust Conference (Cairo 1936) and used 60 6 0 
by Long and Zaher (1958). They are: length of 
body, length of hind femur, length of costal and of 
apical margins of fore wing, and maximum width of 
fore wing measured at right angles to the costal 4 0 40 
margin. 
RESULTS 
Effect of Population Density on Morphology.—The 
color of caterpillars varied in solitary and crowded 
conditions. Gradients of color observed were as 
follows: (1) pale greenish-yellow, (2) light gray, 
(3) light gray with reddish appearance, and (4) very 
dark or black. 2 3-8 es 4 
Solitary larvae generally tended to be lighter in 
color than crowded ones (fig. 1). Approximately COLOR GROUP COLOR GROUP 
24% of the 126 solitary larvae examined were pale : : : ‘ : 
greenish-yellow, while 76% were light gray and light _ Fic. 1.—Effect of population density on larval colora- 
a , : Bt?) tion in Prodenia litura. Color Group 1, pale greenish- 
gray with reddish appearance; none were very dark yellow; Group 2, light gray; Group 3, light gray with 


gray to blackish. In the crowded culture, on the reddish appearance; Group 4, very dark gray or black. 


Table 1.—Measurements of body, hind femur, and fore wing of Prodenia litura reared from crowded culture 
in Comparison with those reared singly (means and standard error). 


Male Female 
Solitary Crowded Solitary Crowded 


Length (mm.) of: 
body 17.9+0.2 16.9+0.3 18.7+0.2 16.4+0.2 


hind femur 4.3+0.1 4.1+0.1 4.5+0.1 3.9+0.1 
costa 16.4+0.1 15.8+0.1 17.4+0.1 16.1+0.2 
apical margin 8.5+0.1 8.0+0.1 8.8+0.1 8.0+0.1 
anal margin 12.1+0.1 11.7+0.1 13.3+0.1 12.2+0.1 
Maximum width (mm.) 7.1+0.1 6.9+0.1 7.8+0.1 7.0+0.1 
Costa/femur ratio 3.8+0.04 3.9+0.1 3.9+0.1 4.2+0.9 
No. of individuals 23 25 32 27 


contrary, about 74% of the 110 caterpillars examined No variation in color was observed between adults 
were very dark and blackish in color, while only of the solitary and the crowded groups. However, 
26% were light gray; none were pale greenish-yellow morphometrics of adults from solitary larvae were 
or light gray with reddish appearance. greater than those from crowded cultures (table 1). 


Table 2.—Reduction and percentage of reduction in dimensions of adults reared from crowded culture in relation 
to those reared singly’. 


Male Female 
D D.F. ( D.F 


Length (mm.) of: 

body 1.0 3.06 46 <0.01 

hind femur 0.2 2 46 <0.05 

costa 0.6 3.37 46 <0.01 

apical margin 0.5 : 46 <0.01 3. 

anal margin 0.4 ; 46 <0.05 3a 1.1 
Maximum width 

(mm. ) 0.2 2.6: 46 <0.05 ; 0.8 
Costa/femur ratio —0.1 : 46 >0.05 ; —0.3 


<0.01 
<0.01 
<0.01 
<0.01 
<0.01 


<0.01 
<0.01 


—t pet 
NIG DD 
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ww 
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a [D = reduction; D.F. = degrees of freedom; P = probability; % D = percentage of reduction. 
I ) I 
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Statistical analysis confirmed that differences between 
these measurements were significant (table 2). On 
the other hand, the costa/femur ratio was smaller 
in solitary than in crowded groups, and the difference 
was significant in both sexes. In both groups meas- 
urements of females were also larger than tho: of 
males. 

Reduction in morphometrics of adults bred from 
crowded larvae, when compared with solitary ones, 
varied from 2.8% to 13.3% (table 2). Females were 
more affected by crowding than males, as reductions 
in measurements were greater in the former than in 
the latter. 

Effect of Population Density on Biology—Obser- 
vations showed that in spite of the extra care prac- 
ticed in rearing, about 30% of the larvae reared 
in both cultures died in the first instar. This was 
due to drowning, and to failure of some larvae to 
return to the food after dropping to the bottom 
of the beakers. Population density also affected the 
biology of Prodenia litura. The period of larval life 
in crowded cultures was significantly shorter than 
that in solitary cultures. The pupal period, on the 
contrary, was longer in crowded groups than in 
solitary ones (table 3). However, a negative rela- 
tionship occurred between durations of larval and 
pupal stages of crowded and solitary conditions (fig. 
2). The longer pupal period in the crowded group 
and the shorter period in the solitary one may be a 
result of this relationship. 

During the course of investigation 12 
adults from each group were tested for egg potential. 
As shown in table 3, the mean number of eggs per 
female from crowded groups was larger than that 
from solitary females. The difference, however, was 
not significant and may have been due to the small 
number of females used and to considerable variance 
of individual reproductive capacity. 

The preoviposition period apparently was not af- 
The mean period 


pairs of 


fected by the population density. 
was found to be 2.6 days for females of both groups, 
with a minimum of 1 day and a maximum of 5 days. 

Crowding shortened adult longevity. Females had a 
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longer life span than males, irrespective of group 
(table 3). 

Effect of Population Density on Physiology.— 
Crowding of larvae greatly affected the weight of 


SOLITARY 


(DAYS) 
a4 ® an 
= 


PUPAL PERIOD 


wo 
+ 





Se ee a 


17 19 21 23 
LARVAL PERIOD (DAYS) 


CROWDED 


9} 


ae nc wl. 


17 19 2) 23 


LARVAL PERIOD (DAYS) 


Fic. 2.—Relationship between lengths of larval and 
pupal periods of Prodenia litura reared under solitary 


and under crowded conditions. 


Table 3.—Effects of larval crowding on various life phenomena of the noctuid Prodenia litura. 


Solitary 


Duration (days) of 
larval stage 
pupal stage 
Number per female of: 
egg masses 
total eggs 
Longevity (days) of: 
males 
females 
Weight (mg.) of: 
pupae 
adult males 
adult females 


@ Number of individuals used. 


Crowded 


Mean 


“an  S.E-. 
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both pupae and adults derived from them. Indivi- 
duals obtained from solitary culture were signifi- 
cantly heavier than those from crowded culture (table 
3). Weight was affected in both sexes by crowding, 
but females were more influenced than males by this 
factor. 

High population density exerted a notable effect on 
the fat, water, and dry-matter contents of pupae and 
adults. Comparative weights of both of these stages 
showed that crowded-group individuals were signifi- 
cantly lighter than their solitary counterparts. 
Furthermore, analysis showed that the decrease in 
weight caused by crowding was due not to a single 
factor such as fat content, but also to dry-matter and 
water contents. The mean amount of fat, and its 
percentage in relation to dry and live weight, was 
always significantly high in solitary-bred pupae and 
adults (table 4). The mean amount of water and 
dry matter, of both pupae and adults, was also higher 
in solitary groups. 
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Color response of larvae of Prodenia litura was 
not absolutely uniform throughout the population, 
as there was a degree of variation in the intensity 
of response. However, if crowding in the field has 
similar effects, it follows that coloration of larvae in 
the field might be an index of the degree of crowd- 
ing. This phenomenon was also reported to occur in 
grasshoppers and locust adults. 

Crowding resulted in a significant reduction in 
morphometrics of the adults. Possibly the high rate 
of utilization of food reserves by crowded, active 
larvae results ultimately in a decrease in over-all 
size of adults. Crowding also resulted in a signifi- 
cant increase of the costa/femur ratio and reduced 
the length of the legs to a relatively greater extent 
than the wings. 

It may be suggested, therefore, that conditions in 
which larvae lived may be determined on the basis 
of larval coloration or by computing the costa/femur 
ratio of adults. However, the use of this method 


Table 4.—Effects of population density on the fat, water, and dry-matter content of pupae and of adult males 


and females of Prodenia litura. 
Pupae 


Solitary | Crowded t 


Fat content, mg. 

Water content, mg. 

Dry Matter, mg. 

Fat/dry matter ratio, percent 
Fat/live weight ratio, percent 
No. of individuals tested 


t 
Nom 
Com SI 
WINK NOL 


= 


922-10 5. 
190.8+7.4 3. 
74.3243.5 6.3 
12.0+1.0 
3.4+0.3 
19 


~~ 


~ 


— 
_O 
~ es 


I+ I+ I+ I+ I+ 


or h Ue 


4.3 


w 


Weights and percents are means + standard error. 


Larvae reared under crowded conditions were ob- 
served to be highly active. They were in constant 
movement, touching one another and swaying their 
bodies. Solitary individuals, on the other hand, were 
relatively sluggish and remained still on the leaves a 
good deal of the time. 

DISCUSSION 

The present work was undertaken to investigate 
color variation in larvae of Prodenia litura, Larval 
crowding produced dark coloration in this stage. 
This might be due to the high rate of activity which 
was observed among crowded larvae in breeding 
cages. Faure (1932) suggested that dark coloration 
of gregarious forms of Locusta migratoria migra- 
torioides Rch. and Frm. was due to activity which 
resulted in excess secretion of a substance called 
locustine. Larval darkening was suggested by Long 
(1953) to result from a variety of disturbing condi- 
tions, of which crowding is one factor. Husain and 
Mathur (1936), Plotnikov (1942) Faure (1943a, 
1943b), and Long (1953) reported that breeding 
of grasshoppers or caterpillars in air containing 3% 
carbon dioxide or in darkness, or activating of soli- 
tary individuals by mechanical actions, produced dark 
coloration. 


7 
3 
7 


3.02 


3 


All t values are highly significant at P = < 


Adult males (minus wings )/|Adult females (minus wings ) 


Solitary Crowded Solitary Crowded 


© 


7.9+0.8 

86.342.9 

47.9+2.2 

15.9+1. 

5.9+0. 
27 


9.0+0.9 18.5+1.0 
127.9+5.9 
78.622.2 
23.0+0.6 
8.8+0.3 


32 


rerararay 


44.2+1.6 

19.7+1.2 

7.60.5 
25 
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0.01. 


should perhaps best be applied to extremes, as the 
frequency distribution of the ratio, as well as of 
color gradients, showed some overlapping. 

Crowded larval conditions markedly influenced the 
biology of this species. It reduced the larval period 
and prolonged the duration of the pupal stage. When 
considering the larval and pupal periods together, it 
was noticed that crowding reduced the total develop- 
mental period. These results agree with the findings 
of Chauvin (1941) on the locust Schistocerca gre- 
garia Forsk., of Utida (1941) on the weevil Cal- 
losbruchus chinensis L., and of Ziher and Long 
(1959) on Plusia gamma and Pieris brassicae. The 
increased rate of development appears to have re- 
sulted from the high activity of crowded larvae. 

Rearing of larvae under different levels of popu- 
lation density resulted in certain physiological dif- 
ferences among individuals. Crowding of larvae re- 
duced the weights of both pupae and adults, and 
analysis showed smaller amounts of fat, dry matter, 
and water in crowded individuals at the time of pupa- 
tion as well as at emergence. The percentages of fat 
to live weight and dry weight were significantly 
smaller in the crowded condition, probably owing to 
the activity of crowded larvae associated with a 
high rate of utilization of food reserves. 
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Crowding, through reducing the duration of the 
larval stage and sustaining, or possibly even increas- 
ing, the number of eggs laid, seems to promote the 
rate of population increase in this species. 
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Adult Culicoides furéns' 


W. L. BIDLINGMAYER 


Florida State Board of Health, Entomological Research Center, Vero Beach 


ABSTRACT 


Nonattractant sampling of resting and in-flight popu- 
lations of adult Culicoides furens was employed to study 
the daily activity cycle. Power-aspirator collections 
showed the largest numbers to rest near the salt marsh, 
the males remaining closer than the females. Females 
were found to rest about equally on the ground or in the 
trees during the day whereas males preferred the trees. 
Horizontal sticky panels showed 62% of the females 


Culicoides furens is one of the commonest sand 
flies in Florida and causes sufficient annoyance near 
its breeding areas to have received more study than 
other species in the State. It breeds in the salt 
marshes along the coast, most abundantly in situa- 
tions that are wet and shaded. Broods of Culicoides 
furens are very erratic in their appearance, for rea- 
sons so far not clearly understood. The irregular ex- 
pansion and contraction of the breeding area as 
moisture conditions vary, must be responsible for 
some of this fluctuation. Another contributory fac- 
tor is the inability of larvae to pupate while sub- 
merged, so that excess water could delay emergences. 
The adults are apparently affected by small meteoro- 
logical changes which strongly affect most collecting 
methods. 


1 Contribution No. 98, Florida State Board 
tomological Research Center, Vero Beach. This investigation was 
aided by Public Health Service Research Grant E-2549, from 
the National Institute of Allergy and Infectious Diseases, Public 
Health Service. Accepted for publication July 21, 1960. 
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rested 1 to 2 feet above the ground in preference to 8 
to 14 feet, while 88% of the males were taken on the 
8- and 14-foot panels. Truck-trap collections during the 
night showed two types of flight activity; a period after 
sunset and preceding sunrise, and irregular peaks during 
the dark period. The cause of the peaks during the dark 
period was not determined. 


LITERATURE REVIEW 


This study emphasizes adult resting habits and ac- 
tivity periods. There are no experimental investi- 
gations of the dispersal of C. furens from its breed- 
ing ground; Bequaert (1924), Myers (1933) and 
Goulding (1952) placed the range at about 1/2 
mile. Other species have shorter ranges; Kettle 
(1951) found that C. impunctatus in Scotland dis- 
persed about 80 yards* and Nicholas (1953) that 
C. grahami in Africa flew between 250 and 700 
yards. Painter (1926) found C. furens on a plat- 
form 2500 feet from shore during a period of calm 
air. Males are believed to have a much shorter range, 
their presence indicating the breeding area is close 
by. 

Many previous workers, Bequaert (1924), Myers 
(1933), and Carpenter (1951), have reported either 

2 Kettle (1960) has since reported that under moorland condi 


tions, in contrast to woodland, the flight range was approximately 
three-fourths mile. 
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increased numbers during calm air or cessation of 
activity with strong winds. Painter (1926) collected 
C. furens in Honduras with a sweep-net in winds up 
to 8 miles per hour. In Great Britain Hill (1947) 
reported C. impunctatus to move passively with the 
air and Kettle (1951) also found a down-wind move- 
ment from the breeding area. 

C. furens will bite on calm days (Bequaert 1924) 
and are active all during the night (Carpenter 1951). 
Siting was reported by Myers (1933) and Trapido 
(1947) to be heaviest at dusk and dawn. 

The resting places of the adults were reported by 
Bequaert (1924) to be dense vegetation and the leaf- 
sheaths of coconut palms. Myers (1933) found the 


flies among bushes and in the algae on the roots of 


red mangroves. Carpenter (1951) states that the 
adults rest on ground litter and the underside of 
foliage and are not easily disturbed. He placed sticky 
panels in windows at 7-, 23-, and 35-foot elevations 
and caught equal numbers at all heights. 

THE STUDY AREA 

The principal physical feature governing the pro- 
duction of C. furens in this area is the Indian River. 
The river is actually a long slender brackish lagoon 
with an occasional inlet connecting it with the ocean. 
It is parallel to and separated from the ocean by a 
narrow barrier island ‘seldom more than one mile 
wide and usually much less. Salt marshes, up to 
3/4 mile wide, form a more or less continuous border 
along both sides of the river. These marshes are 
dominated by pickleweed (Batis maritima L.), a low 
sprawling shrub, and mangrove trees. The land just 
above the high water line is covered with a thick 
growth, locally called hammock, of live oaks (Quer- 
cus virginiana Mill.), palms (Sabal Palmetto (Walt.) 
Todd), and numerous species of smaller trees which 
form an under story beneath the dominants. 

On the eastern the river the hammock 
zone grades into a shrubby dune-type of vegetation 
behind the beach. On the western side the hammock 
extends inland, varying from a narrow fringe to 
over 1/4 mile wide. Adjoining is higher land planted 
to citrus or occupied by brush and second-growth 
trees; in either case, although the earth is partially 
shaded, the soil is covered with a sod of wild grasses. 
Farther west, at a distance of 1/4 to 3/4 miles from 
the edge of the salt marsh, are one or more low 
These are composed of white sand and are 


side ot 


ridges. 
covered with a scrub-type vegetation because of the 
excessive drainage. 


MATERIALS AND METHODS 


The distribution of adult C. furens was studied by 
the use of a power aspirator, sticky panels and a 
large net mounted upon the cab of a pickup truck. 
Limited use was made of asphalt paper cones covered 
with sticky slides. These techniques were 
selected because in this study no attempt was made 
to attract the insects. 

Aspirator methods——The power aspirator was con- 


glass 
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structed from a rigid plastic tube (Plexiglas) 18 
inches long and 5 1/2 inches in diameter. It was 
equipped with a 5-inch exhaust fan and a handle 
at its upper end. A fine mesh cloth bag was fitted into 
the tube at the lower end and held in place by an 
external friction ring. A portable gasoline-powered 
electric generator mounted in back of a jeep supplied 
current through a 60-foot extension cord. The lower 
end of the aspirator was thrust against the object 
to be sampled and any insects disturbed were cap- 
tured in the upward draft created by the fan. Where 
the earth was covered with a thick deposit of fallen 
leaves, the leaves were lightly stirred as the thrust 
with the aspirator was made. Two hundred thrusts 
constituted a single collection. The collections from 
different ground stations were comparable as the 
total area sampled at each station was equal. How- 
ever, the surface areas of samples taken above the 
ground were highly variable. The vegetation sampled 
during these collections ranged from the trunks of 
trees two feet in diameter to slender twigs and foliage. 
Arboreal collections were made with the aspirator 
between heights of 1 1/2 and 9 feet. 

The ground on the western side of the river was 
sampled for resting Culicoides in four types of habi- 
tats. Sampling stations in each habitat were assigned 
a number and were usually sampled twice monthly. 
The salt marsh was sampled beneath mangrove trees 
and also in the open pickleweed. Since sand flies 
were breeding in the marsh, these collections include 
many newly emerged adults that were captured 
shortly after emergence and before they had an op- 
portunity to disperse. Collections were also made in 
the hammocks, the citrus grove or second-growth 
areas, and the dry scrub. 

On the eastern side of the river collections were 
paired; one collection would be taken on the ground 
and the other in the trees in the immediate vicinity. 
These collections were made in the highest part of 
the salt marsh and in the hammock within 500 feet 
of the marsh. This portion of the salt marsh is 
dominated by buttonwood (Conocarpus erecta L.), 
a tree characteristic of the transitional zone between 
the salt marsh and the upland. As this zone is the 
least favorable portion of the marsh for sand fly 
breeding, it was selected in order that collections 
might avoid including newly emerged adults. The 
rainfall during the summer of 1959 was above normal 
and consequently a low-larval population existed in 
this region. 

Sticky-panel methods.—Sticky panels were also 
intended for elucidation of resting habits. They were 
9 inches square and made of tempered hard board 
(Masonite). They were painted with a grease com- 
posed of ordinary automobile lubrication grease 
thinned with several times its volume of S.A.E. 30 
motor oil. The panels were held in a horizontal posi- 
tion by metal clips attached to short cross-arms nailed 
to a 14-foot pole. The lower surface of the panel was 
greased and it was felt that this position would mini- 
mize the capture of flying adults. 
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Kettle (1949) used black vertical cylinders covered 
with a sticky material, as in Great Britain black had 
been found to be more attractive than other colors. 
Panels of white bond paper smeared with castor-oil 
had been found by Carpenter (1951) to be more 
effective than other colors tested and were used to 
evaluate the sand-fly population in Panama. In this 
study Masonite was selected because of its rigidity 
and dark-brown color, which was not inharmonious 
with the surroundings. Attracting Culicoides to the 
panels would have contradicted the purpose of the 
study. 

The panels were quite satisfactory except that on 
a few occasions very heavy rains washed the grease 
from the higher panels. The panels were changed 
two or three times weekly and brought into the 
laboratory. The sand flies were removed from the 
grease with a dissecting needle and dropped into a 
watch glass of mineral spirits for identification. 

Five 14-foot stakes were arranged on a transect per- 
pendicular to the eastern edge of the marsh extending 
toward the ocean. The stick panels were attached 
to each stake at 1, 2, 8, and 14 feet above the ground. 
The first stake was in the buttonwood zone, the trees 
averaging about 20 feet in height. The remaining 


stakes were in the hammock at increasing distances 
from the salt marsh. These were 130, 450, 750, 1050 
feet respectively from the marsh and the top of the 
canopy at each station was 20, 18, 14, and 12 feet 


each. The last stake was 350 feet from the ocean 
beach. 

At each of the foregoing stations a trap constructed 
of heavy asphalt paper rolled into a cone with 6-inch 
opening at the apex was placed to sample adults rest- 
ing upon the ground. The cone would be dropped on 
the ground and the opening quickly covered with a 
grease-covered pane of glass. Sand flies are photo- 
tactic when on the wing and those disturbed by this 
procedure or arising from the ground later during 
the day, would be captured in the grease as they 
attempted to fly out the apex of the cone. Each 
trap covered an area of 2 1/2 square feet and it was 
moved to a new position in the immediate vicinity 
of the stake whenever the sticky panels were changed. 

Truck-trap methods——The truck trap was a modi- 
fication of that described by Chamberlain (1945) and 
quite similar to the one used by Provost (1957). It 
consisted of a large net made of fiber glass screening 
fastened to a pyramidal wooden frame. The mouth of 
the net was 7 feet wide and 2 feet high and the net 
tapered back 8 feet to a 4 x 4 inch opening over 
which a fine-mesh cloth bag was fitted. The leading 
edges of the net were made of Masonite. The trap 
was mounted horizontally a few inches above the 
cab of a pick-up truck with the lower edge of the net 
extended well in front of the windshield. This pre- 
vented the air flowing across the top of the hood 
from being deflected upward by the windshield and 
into the net. The truck was driven at a speed of 15 
to 20 miles per hour, which concentrated the insects 
in the collecting bag attached to the end of the trap. 


3IDLINGMAYER: FIELD STuDIEs OF ADULT Culicoides furens 151 


The area selected for the truck trap was a 2.8 
mile section of the highway extending the length of 
the island between Indian River and the ocean. There 
was little or no traffic during the night, and the area 
was uninhabited except for a single residence. The 
truck was driven along the highway starting just 
prior to sunset and continuing until after sunrise. 
Driving one way consumed 10 minutes, and 5 minutes 
were required for changing the collection bag and 
making observations before returning over the same 
route. From 42 to 50 collections were made nightly. 

As the truck trap sampled the air 7 feet above 
the ground, a comparison was made between the in- 
flight population near the ground with that above 
the truck cab. A smaller trap with an intake area of 
4 1/2 feet by 2 feet was mounted parallel with the 
front wheels of the truck and along the right side 
from a timber fastened to the front bumper. This 
trap was 2 feet from the ground and was operated 
simultaneously with the cab-mounted trap. The two 
traps were tested between 1800 and 2030 in order to 
sample the evening activity period. After propor- 
tionately increasing the bumper trap catches to com- 
pensate for the greater sampling area of the cab- 
mounted trap, it was found to have caught fewer 
C. furens on each of three nights. The adjusted 
figures are 1,267, 1,579, and 570 for the bumper trap 
and 1,625, 2,214 and 1,222 respectively for the cab- 
mounted trap. 

The truck trap was operated for 21 nights, and 
during the first few nights the wind speed was re- 
corded by estimation. During subsequent nights a re- 
cording anemometer was utilized. Notes were taken 
as to the wind, direction, amount of rain, cloud cover, 
and whether or not the moon was hidden during 
any collecting period. Temperature and humidity 
data were secured from instruments at the laboratory 
4 miles distant. Tidal records of the river and the 
salt marsh were made by two automatic tide gauges 

RESULTS 

Aspirator collections—The ground aspirator col 
lections were made on the western side of the Indian 
River in the four habitats previously described ; semi- 
monthly collections were made from October 1957 to 
February 1959. The largest collections were taken 
in November and again in March, April, and May. 
The results of sampling in all habitats are shown in 
table 1. While most of the sand flies were taken in 
the salt marsh, it is not known what proportion oi 
these were newly emerged. Virtually no sand flies 
were taken in the scrub or in areas with a grass sod 
In table 2 are shown the catches at the individual 
stations of the hammock area. 

It will be noted that there is no heavy concentra 
tion of C. furens females along the margin of this 
marsh. A drainage ditch flowing into the marsh 
may have been the source of some of the adults cap- 
tured at station 14. Two of the grass sod collections 
were inland from station number 7 at 525 and 570 feet 
respectively, but both remained negative. Five of the 
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Table 1.—Number of C. furens captured on the ground 
with the power aspirator at four different habitats. 


Distance of 
sampling 
stations 

from marsh 


a ¥ in feet 


Number per 
Type Number collection 
of of AS 
habitat collections 


3.19 0 
10 to 2,000 
525 to 2,400 
1,345 to 5,100 


Salt marsh 4.03 
Hammock .06 .31 
Grass sod .00 .01 
Scrub 01 .04 


grass sod or scrub collecting stations were less than 
2000 feet from the marsh and four of these were 
negative while one of the scrub stations had two fe- 
males. The greatest distance any females were taken 
4600 from the salt marsh on one of the 
sand ridges. Thus there may be a preference for 
forest conditions as a daytime resting site. With the 
exception of a single male at 1500 feet in one of the 


was feet 


Table 2.— Number of C. furens captured in the hammock 
at each collecting station. 


Number captured 
Distance from |_ vo 
marsh in feet 


Station 
No. 


% 


10 
10 
10 
250 
340 
340 
400 
550 
2000 


- we 
CA pat tee pee Oy pet 
— 


= to 
“NOUN & GW & WwW +100 


4 
3 
6 
5 
6 
4 
7 
7 
8 


— bh 


scrub collections, all males were taken within 340 feet 
of the marsh. 

The paired aspirator collections are shown in table 
3. A total of 48 collections were made in the button- 
wood zone of the salt marsh while 126 were made 
in the adjoining hammock. It was not possible to 
sample a nonbreeding salt marsh, as the wet summer 


Table 4. 
with increasing height above the ground. 


Height above ground 


Distance 
from 
marsh 
in feet 


0 229 
130 40 
450 Q 96 
740 55 17 

1050 j 34 
Total 35 416 
Percent 33.4 
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Table 3.—Number of C. furens caught in paired col- 
lections in the salt marsh and in the hammock with the 
power aspirator. 


| Hammock 


Salt marsh 


} | | 


Ground Arboreal | Ground Arboreal 


roe Ste he Se 


2 


Number 87 102 193.. ©6..37 


captured 
Avg. no. per ; 3.6 “4:3 
coll. 


4.3 0 .6 


caused a low larval population to be present even in 
portions of the salt marsh which normally do not 
breed. Therefore a comparison of ground-resting 
habits in the hammock and in the salt marsh is still 
clouded by possible age-spectrum differences in the 
two populations. 

Collections were again much larger in the salt 
marsh than in the hammock. It will be noted that 
more sand flies were captured in the trees than on 
the ground despite the greater surface area of the 
latter. The females appear to rest about equally on 
the ground or in the trees in both habitats although 
some of the sand flies on the ground in the salt 
marsh were probably newly emerged. The males 
showed a definite preference for arboreal sites, twice 
as many being taken in the trees as on the ground 
even in the salt marsh (Chi-square (X*) = 15.49) 
while none were found on the ground in the hammock. 

Sticky-panel collections —The _ sticky-panel  col- 
lections were made in the summer and fall of 1959; 
results are shown in table 4. Most of the females 
were taken in the marsh and significantly greater 
numbers were taken at the two stations closer to 
the marsh than at the two more distant stations (X° 
= 175.9). The females preferred the lower elevations, 
one and two feet above the ground, to the 8’ and 14’ 
elevations (X* = 7.33) as a resting site. Nearly all 
of the males remained in the marsh (X* = 175.9) and 
88% of these were taken on the 8 and 14’ panels 
(X? = 125.6). 

The asphalt paper cones used to sample adults 
resting on the ground captured only females at the 


Numbers and percentages of sand flies caught on sticky panels at increasing distances from the marsh and 


Total Percent 


o 





1961] 


hammock stations. The total numbers taken in these 
cones at each hammock station with increasing dis- 
tance from the marsh were 32, 9, 1, and 1, respec- 
tively. Both sexes were taken in the cones used in the 
salt marsh but as newly emerged adults were included 
in the captures, these collections are not comparable 
with the hammock collections. 

Truck-trap collections—The truck-trap collections 
during the summer and autumn (1959) were made 
near the phases of the moon, i.e., new, first quarter, 
full, and last quarter. The number of male C. furens 
captured was negligible, and no conclusions are possi- 
ble regarding their activity. Even smaller numbers 
of other species of Culicoides were taken. Figure 1 
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and 3) as a percentage of the total nights’ catch; 
temperature, relative humidity, wind speed, moon 
phase, and degree to which the moon was obscured 
by clouds, were also plotted. 

Peaks of flight activity occurred quite regularly at 
dusk and dawn, and irregularly at various times of 
the night. This pattern suggested that the flight 
activity periods were of two kinds, one of them, a 
crepuscular period following sunset and preceding 
sunrise and probably caused by the changing light 
intensity. The other flurries of flight activity oc- 
curred between the evening and morning twilights, 
the dark part of the night, and were probably stimu- 
lated by other factors. 


TOTAL NUMBER COLLECTED 
Oy, 5 ,9 \y ably 4 
\ 0 8 5 bi 43 
4? 1° 70 37 9° ye 


v 


664 bss 


9 ee a 


12 
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DARK 
PERIOD 


LVEN/ING 
PER/OD 


oy 
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COLLECTION NIGHT NUMBER 


Fic. 1.—Percentage of sand flies caught during the four periods of the night. The figures indicate the number of 


15-minute collections during each period. 


presents the data for C. furens females; the varia- 
bility from night to night is apparent. The nights’ 
collections are represented as four periods: the eve- 
ning and morning astronomical twilights,® and the 
two halves of the intervening dark period. The two 
dark periods constituted roughly 80% of the night and 
each twilight period 10%. The number of females 
captured per night ranged from 116 to 410,000 with 
a mean of nearly 59,000. Collections on but four 
nights contained fewer than 1,000 sand flies. Be- 
cause the variation in the size of the different 
nights’ collections, the number of females caught 
during each 15-minute period was plotted (cf. figs. 2 


of 


\ period between sunset or sunrise and when the sun is 


18° below the horizon. 


It was noted that the longest activity 
period extended from sunset until 15 minutes before 


the end of astronomical twilight; and the morning 


evening 


crepuscular period began no earlier than 15 minutes 


after the beginning of astronomical twilight and was 
terminated at Depending upon the month, 
sampling the twilight periods required four or five 15- 
minute truck runs, and frequently the bulk of the 
sand flies would be captured in but two or three of 
The mean evening flight activity period 


sunrise. 


these runs. 
began at 10 minutes, reached a peak at 30 minutes 
and ended 40 minutes after sunset. The mean morn- 
ing flight activity period began at 50 minutes, reached 
a peak at 35 minutes and ended 15 minutes before 
Thus the duration of the crepuscular 


sunrise. ac- 
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Fic. 3.—Percentage of sand flies captured during each 15-minute period of the night. Collection night 


number 21. 


tivity period was approximately 1/2 hour, and was 
suppressed when the sun was but 10 to 15 minutes 
(in time) below the horizon. 

The number of sand flies captured during both 
crepuscular periods as compared with the nights’ 
total was highly variable, ranging from 8% to 94%. 
The largest numbers per collection were taken during 
these periods as the crepuscular captured a mean of 
39% of the total number of sand flies. The peak 
preceding sunrise averaged half again as large as the 


evening peak. Occasionally the evening peak and 
rarely the morning peak would be absent. 

An examination of the wind data secured with 
these collections showed that a frequent wind pattern 
in the Vero Beach area is for a moderate breeze to 
occur from sunset to midnight followed by lighter 
breezes until sunrise. The average wind speed for 
the evening and morning crepuscular periods was 
4.5 and 2.9 m.p.h., respectively, while the average 


percentage of the entire nights’ catch for these 
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periods was 16.0% and 25.9%. Collections number 
15 and 16 (fig. 1) were made during strong winds 
and few Culicoides were taken. The lowest wind 
velocities during the night of collection number 15 
occurred during the evening whereas the lowest winds 
were in the morning for collection number 16. Col- 
lection number 19 was characterized by very steady 
winds, the velocity averaging nearly 4.5 m.p.h. dur- 
ing the first quarter of the trapping period and 
gradually falling to 3.0 m.p.h. during the last quarter. 
It was during these low-wind periods that the largest 
number of sand flies were taken. 

The distribution of sand flies during the dark 
period was very erratic, as peaks of flight activity 
would occur at irregular times upon different nights. 
Of the total catch, 16.1% was taken during the first 
half and 45.3% during the last half of the dark 
period. The respective average wind velocities for 
these periods were 4.4 and 3.0 m.p.h. 

A number of the all-night collections indicated that 
Culicoides activity was increased during that portion 
of the night the moon was shining, but other collec- 
tions were contradictory to this hypothesis (fig. 2). 
This figure shows the distribution of 48,047 sand 
flies on a night the wind speed was below 1 m.p.h. 
It should be noted that the crepuscular flight periods 
in this figure are smaller than usual and the morning 
crepuscular flight period is poorly defined. The tem- 
perature in degrees Celsius and the relative humidity 
are typical. This figure reveals that most of the 
flight activity of C. furens during the night was con- 
centrated in two peaks occurring during the morning 
hours. The flight activity of 259,730 sand flies dur- 
ing a night characterized by variable wind speeds is 
seen in figure 3. While there appears on this oc- 
casion to be a direct inverse ratio between the wind 
speed and the number of C. furens captured, because 
of the irregular fluctuations in the numbers of sand 
flies that were observed to occur during periods of 
low wind speeds, it was not possible to make any 
definite conclusions. While a few sand flies were 
taken during periods when the wind speed was as 
high as 9 m.p.h., no large collections were taken 
when the wind exceeded 4.0 m.p.h. 

CONCLUSIONS 

The most noticeable difference between the power 
aspirator collections on the two sides of the river is 
that much larger numbers were present on the eastern 
side and this population was concentrated along the 
edge of the salt marsh. This was clearly shown by 
the sticky panels and the asphalt paper cones. On 
the western or mainland side both males and females 
were more widely dispersed and there was no marked 
concentration along the marsh edge. This may be 
due to the wind, which during the summer is gen- 
erally from the southeastern quadrant. 

The power aspirator and sticky-panel collections in 
hammock areas showed that the females rested about 
equally on the ground and the lower levels of the 
trees. They also appeared to occupy wooded sites in 
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preference to more open areas. The males were found 
to prefer arboreal resting sites at the 8 and 14 foot 
elevations and remained in close proximity to the 
marsh. Kettle (1951) found the males of C. impunc- 
tatus tended to favor a 10-foot elevation in preference 
to a 2-foot elevation in woodland whereas the females 
were slightly more abundant at 2 feet. 

As the females were found to rest on the ground 
in hammock areas, it would be expected that the fe- 
males collected on the ground in the salt marsh would 
be a mixture of mature and newly emerged adults. 
This should result in larger numbers of females in 
the collections than males as the sex ratio is approxi- 
mately equal. However, the power aspirator collec- 
tions on the ground in the salt marsh contained more 
males than females (table 1). It would seem then 
that few or none of these sand flies were mature and 
that all were newly emerged adults which were cap- 
tured before departing from the breeding area. It may 
be noted here that both sexes of Aedes taeniorhyn- 
chus, the common salt-marsh mosquito in Florida, 
were frequently found in the aspirator collections. 
These mosquitoes were taken almost entirely on the 
ground and but rarely in the trees. The 
number of males per collection in the salt-marsh, 
hammock, second-growth and scrub areas was 1.0, 
6.4, 3.0, and .8 respectively, while the comparable 
figures for females was .7, 3.6, 2.7 and 1.1. Thus 
this salt-marsh mosquito rests primarily outside its 
breeding area in the adjacent hammocks and it ap- 
pears possible that the true for mature 
C. furens. 

Although large numbers of sand flies were cap- 
tured by the truck-trap, it was difficult to evaluate 
results, as sand flies are more strongly influenced by 
varying environmental factors when in flight than 
while resting. 

The temperature 
showed that the 


average 


same is 


and relative humidity records 
temperature during this period 
ranged between 25° C. and 30° C. at sunset and 
dropped quite evenly to 19° C. to 25° C. by sunrise. 
On most nights the relative humidity varied from 
70% to 92% at sunset and in a few hours rose into 
the high eighties or low nineties. Thereafter it in- 
creased more gradually, reaching a peak of about 
97% at sunrise. The regularity of these patterns 
would imply that sand flies are responsive to very 
slight changes indeed if either of these factors were 
responsible for the outbursts of flight activity during 
the dark period. It is possible that the higher hu- 
midity present at dawn than at dusk accounted for 
the somewhat greater flight activity at that time. 
An examination of the tidal records showed no re- 
lationship between the tides and the periodic out- 
breaks of sand fly activity. 

Although the data is not conclusive, a wind in 
excess of 3.5 m.p.h. appears to inhibit sand fly ac- 
tivity. Sixty-nine percent of the sand flies captured 
were taken between midnight and sunrise, and it has 
been noted that this period of the night had lower 
wind velocities than the first half. Despite a strong 
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indication that these lower wind velocities were re- 
sponsible for the higher sand fly densities, this could 
not be proven. 

Although landing rates were not taken, the truck 
drivers routinely recorded comments as to the ex- 
tent they were bitten by sand flies and mosquitoes. 
When the work of identification was completed it 
was apparent that there was no relationship between 
the size of the truck-trap collections and the abun- 
dance of sand flies as reported at the time by the 
drivers. Quite frequently the truck-trap collections 
would be minimal while the drivers reported intense 
annoyance or upon other occasions reported no in- 
sects present during the period the truck trap was 
taking some of the largest collections of the season. 
This emphasizes that the type of flight activity repre- 
sented in the truck-trap collections is not known. The 
occurrence and subsidence of these peaks at various 
times of the night may represent the flight activities 
of different populations. 
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Lipids in Insect Eggs: A Review with New Evidence from the Milkweed Bug, 
Oncopeltus fasciatus (Hemiptera, Lygaeidae)' 


KARLEE L. BABCOCK ann CHARLES W. RUTSCHKY?’ 
The Pennsylvania State University, University Park 


ABSTRACT 


The purposes of this study were to determine the ac- 
cordance or disagreement of the milkweed bug egg 
(Oncopeltus fasciatus) with generalizations set forth 
for eggs of terrestrial oviparous animals, i.e., that a high 
degree of lipid catabolism is characteristic, that lipids con- 
stitute the major source of energy for development, and 
that the greatest use of lipids occurs in the later stages 
of development. Eggs were found to contain an average 
f x. of lipid, or 11.6% of the wet weight. Shortly 
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The embryonic stage in the life of an animal is 


one of intense metabolic activity, requiring the con- 
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before hatching, the content was 28.5 ug., or 10.7% of 
the wet weight. The over-all decrease represented utili- 
zation of 11.5% of the initial lipid store, with the dec~ease 
occurring mostly in the latter half of development. Lipids 
therefore do not seem to play as dominant a role in de- 
velopment as expressed by other insect eggs. The ap- 
parent increase in pterine pigments suggests that protein 
catabolism may be more important than lipids in supply- 
ing metabolic energy. 


stant expenditure of energy in the processes of growth 
and differentiation, as well as the maintenance of 
cells in the living condition. Within recent times 
an increasing amount of interest has centered on the 
biochemical changes that accompany growth and 
differentiation of the embryo. There are many ways 
in which the problem of the relationship between 
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biochemistry and embryogenesis may be, and has 
been, approached. One such approach is the study 
of the nutritional problems of embryonic life and 
associated changes in the chemical raw materials 
available for development. 

Some eggs are more completely detached from their 
chemical environment than others. A typical cleidoic 
egg requires nothing from its environment except oxy- 
gen; it is a nonfeeding, “metabolite-clcsed” system, in 
which all the essential materials for embryogenesis, 
other than oxygen, are present in the egg at the begin- 
ning of development. In contrast, the noncleidoic (or 
etymologically correct acleideic) egg is initially defi- 
cient in some of the materials necessary for develop- 
ment and must acquire these substances from its 
surroundings (Needham 1929). Aquatic eggs are 
relatively acleidoic, being dependent upon their sur- 
roundings for water, at least, and in many cases for 
inorganic salts as well. It is in terrestrial eggs that 
the cleidoic state is most highly developed, where its 
existence represents a distinct advantage for survival. 

Certain fundamental metabolic differences exist be- 
tween the aquatic, acleidoic condition and the ter- 
restrial, cleidoic system. In aquatic eggs protein 
accounts for a large percentage of the total material 
supplying energy during development, and the initial 
protein stores are depleted to an appreciable extent. 
In contrast to this, protein accounts for only a 
small fraction of the total material utilized for de- 
velopment in terrestrial eggs and there is only a 
slight decrease in the original supply of protein. On 
the other hand, the catabolism of lipoidal materials 
is correspondingly greater in the cleidoic egg; fat 
constitutes the bulk of the total substances combusted 
in these eggs. Available data show no distinct dif- 
ferences between the carbohydrate catabolism of 
aquatic and terrestrial eggs. 

The characteristic emphasis on fat catabolism, with 
suppression of protein breakdown, in the terrestrial 
egg represents an adaptation to the difficulties which 
terrestrial existence imposes on the disposition of the 
nitrogenous end-products of protein catabolism. 
Aquatic eggs excrete nitrogenous wastes as urea or 
ammonia, whereas the accumulation of these wastes 
in terrestrial eggs with water conservation problems 
would result in toxic or harmful effects. There 
are two mechanisms by which the nitrogenous waste 
problem is minimized in the terrestrial egg: (1) by 
storage of nitrogenous end-products as nondiffusi- 
ble, sparingly soluble uric acid, and (2) by increased 
carbohydrate or fat catabolism, usually fat. In addi- 
tion to sparing protein an thereby decreasing ni- 
trogenous wastes, fat combustion yields more energy 
and more metabolic water than does protein catab- 
olism. 

Another theory proposed by Needham (1931) is 
that all embryos utilize the reserve material of the 
yolk in a definite order; the embryo first utilizing 
carbohydrate primarily, then protein, and finally fat. 
At any given point in development, no one class of 
compounds is being catabolized to the exclusion of 
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the others. The theory has been supported by data 
showing changes in the respiratory quotient (R.Q.) 
of embryos. In many animals the R.Q. is progres- 
sively lowered during development, starting out at 
values near unity (indicative of carbohydrate cata- 
bolism) and dropping to values approximately 0.7 
(implying fat breakdown) in the later stages of de- 
velopment. 

Unfortunately, the literature on changes in the 
lipid content of insect eggs is difficult to interpret 
and compare. One factor which contributes to the 
confusion in reports dealing with lipids is the varia- 
ble moisture contents of insect eggs. Some workers 
have reported lipid content as a percentage of the 
wet weight of a group of eggs, with no regard for 
any changes in weight or water content which may 
have occurred during the embryonic period. Without 
this additional information, valid comparisons can- 
not be made. Some lipid contents are expressed as 
actual quantities on an individual egg basis, while 
others are reported as percentages based on con- 
stant moisture, nitrogen content, dry weight, or wet 
weight. A few authors have left the determination of 
a basis for their reported percentages to the omni- 
science of the reader. 

Another encountered difficulty to be considered is 
the difference in the type of lipids studied. A 
workers have determined total lipids, while others 
studied only certain lipid fractions, such as fatty 
acids. In some cases the group of lipids under study 
is poorly defined. Terminology also presents a source 
of confusion. It is often difficult to determine whether 
“fat” is used in a restrictive sense, implying neutral 
fats, or is used improperly in a generic sense to re- 
place “lipid” for the class as a whole. 

Hand in hand with the variety of lipids or lipid 
fractions studied goes the diversity of methods em- 
ployed in their estimation. Many reports give no 
details concerning the methods of analysis, and the 
references to techniques are often fragmentary and 
obscure. It is particularly difficult to judge the merits 
of most of the earlier studies because so little infor- 
mation is available concerning the methods used. The 
lack of statistical treatment of any sort for the pub- 
lished lipid data is rather remarkable, particularly in 
regard to the variations encountered or how many 
determinations were done to obtain the averages re- 
ported. 

In general the studies on lipids in insect eggs show 
agreement with Needham’s theories concerning the 
metabolism of terrestrial eggs, in that the lipid con- 
tent decreases to some extent during development. 
A large part of the loss appears to be in the fatty 
acid fraction; lipids form the major source of energy 
for the developing embryo. The greatest loss of lipids 
occurs during the later stages of development, agree- 
ing with Needham’s theory of a succession of energy 
sources in ontogeny. 

Probably the earliest account of lipid changes in 
an insect egg is that of Tichomirov (1885), who 
analyzed eggs of the silkworm, Bombyx mori (L.), at 


few 
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the end of diapause and again just before hatching. 
The data, based on the use of ether to extract crude 
lipids from the eggs, indicate a decrease of 20% 
(dry weight) in total ether-soluble material between 
the end of diapause and the time of hatching. Farkas 
(1903), using a saponification method on the silk- 
worm egg, reported that the fatty acid content de- 
creased by 48% from the end of diapause until just 
after hatching. Presumably this figure refers to 
neutral fat fatty acids, and if so, is in good agree- 
ment with the results of Tichomirov. On the other 
hand, the figures of Vaney and Conte (1911) for 
the silkworm eggs, as reported by Needham (1931), 
disagreed with previous results. These investigators 
found that fat constituted only 7.21% of the dry 
weight of the egg 4 days after laying, and that this 
value decreased to 5.35% at the end of diapause and 
to 4.88% at hatching. For the period of time covered 
by Tichomirov’s and Farkas’ work, from the end 
of diapause to hatching, this decrease was only 8.8% ; 
for the entire developmental period the loss repre- 
sented 32% of the initial fat store. 

The only other lepidopteran species investigated to 
any extent was the eastern tent caterpillar, Mala- 
cosoma americanum (Fab.). Rudolfs (1926) studied 
changes in the ether-soluble extract of egg masses 
from the time of laying until the time of hatching. 
Figures estimated from his graphical presentation of 
“fat” changes in the developing larvae, excluding 
the gelatinous egg cover which accounts for over 
half of the total egg mass, showed a total decrease of 


approximately 87% in the initial amount of ether- 
Most of the lipid reported 
as percentage of dry weight was lost in the first 
month of development, until the larvae were nearly 
formed; at this point the lipid content dropped to 


soluble material present. 


59% of the initial lipid store. During the next 8 
months before the larvae hatched, there was a very 
gradual decrease in lipids. 

Dubois (1893), using equal parts of ether and 
ethanol for extraction, reported that newly laid eggs 
of the Algerian locust, Acridium peregrinum Oliv., 
contain 4.0% to 5.0% fatty material, calculated on a 
fresh weight basis, although he suggested that this 
estimate might be too high. He noted that “fat” 
disappeared during development, but gave no figures 
on the extent of the decrease. A more thorough in- 
vestigation of an orthopteran was that of Slifer 
(1930), who used the grasshopper Melanoplus dif- 
jerentialis (Thos.). Her figures were reported as 
fatty acids but included other ether- and petroleum 
ether-soluble such as cholesterol. The 
newly laid egg contained fatty acids representing 9% 
to 12% of the wet weight; the average decrease in 
fatty acids was 54.3% of the initial amount present, 
with the greatest diminution occurring in the post- 
diapause period. 

A few years later Boell (1935), using Slifer’s 
data for eggs in which the diapause was broken after 
4 weeks, and respiratory data for eggs similarly 
treated, calculated the total loss of fatty acid as 67% 


substances 


[Vol. 54 


= 


of the initial store. This accounted for 72.5% of the 
total oxygen consumption of the developing egg, con- 
firming the premise that fat represented the major 
energy source of the grasshopper egg. Later work 
by Hill (1945) on changes in the carbohydrate con- 
tent of M. differentialis provided additional confirma- 
tion. Carbohydrate formed the major energy source 
during the first 5 days of development. In the late 
prediapause and diapause, protein and fat were chiefly 
used. During the postdiapause interval fat catabolism 
accounted for almost 90% of the oxygen consumed 
in this period. 

More recently, a third orthopteran, Carausius 
(Dixippus) morosus Br., was studied by Lafon 
(1950). The lipid content of the vitellus decreased 
from 31% of the initial dry weight to 23% at hatch- 
ing. This decrease is less than for any other insect 
species reported. 

In an early study on the flesh-fly Calliphora, Wein- 
land (1909) found that 4.6% of the initial wet weight 
of the egg was lipoidal material extractable with 
petroleum ether. This fraction decreased by hatching 
time, but no figures were reported. Rainey (1938), 
using a saponification method, determined fatty acids 
and unsaponifiable lipids in newly laid eggs and 
newly hatched larvae of the sheep blowfly, Lucilia 
sericata Meig. Apparently only two fatty acid de- 
terminations were made at each point, but from these 
a decrease of 44.5% from the initial fatty acid store 
was found. From 17 to 19% of the dry weight of 
the newly laid egg was fatty acid, whereas this frac- 
tion represented 9% to 13% of the dry weight of the 
newly hatched larva. Unsaponifiable material re- 
mained constant at about 2% of the dry weight. In 
a more recent paper (Rainey 1950), fat was reported 
to compose more than 95% of the total material lost 
during development. Within the limits of accuracy 
of Rainey’s determinations, which show rather wide 
variation, the fatty acid loss alone is capable of ac- 
counting for all the oxygen consumed by the develop- 
ing embryo. The respiratory quotient of the sheep 
blowfly egg ranged from 0.64 to 0.76, also suggest- 
ing that fat was the major energy source for the 
embryo. 

Little was known about the lipid content of the 
coleopteran egg until fairly recently. Busnel (1937), 
in a study of the Colorado potato beetle, Leptinotarsa 
decemlineata (Say), reported that fatty acids de- 
creased 36.5% during development; unsaponifiable 
material decreased only slightly. In terms of total 
lipids, the decrease was about 31%, based on wet 
weight figures. Jura et al. (1957) studied the dis- 
tribution of lipids, as well as glycogen and mitochon- 
dria, in the developing embryo of Melasoma populi 
L. They reported the results of lipid analyses as 
showing that the chief lipid components were phos- 
pholipids, with neutral lipids’ second in quantity. No 
general conclusions were drawn; the authors pre- 
ferred to reserve these until completion of their work 
(Jura et al. 1958). 


Rothstein (1952) performed two types of lipid 
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determinations on the eggs of the Japanese beetle, 
Popillia japonica Newman. Following the extraction 
of ether-soluble material, termed “free lipid,” the 
residue was extracted with an ether-alcohol mixture 
to obtain the “bound lipid” fraction. Total lipid 
remained essentially constant at 25% of the initial 
dry weight through the first 3 days. Thereafter, a 
marked decrease in free lipids occurred; with bound 
lipids remaining almost constant. The loss of free 
lipid was 58% of the original free lipid store; the 
total loss was 46% of the initial supply. Lipid con- 
tent was reported as mg. per 100 eggs, as percent of 
wet weight, and as percent by nitrogen, since the 
amount of nitrogen remained constant during de- 
velopment and that of water did not. 

The sole reference to lipids in the eggs of Hemip- 
tera was a passing mention in a recent paper by 
Richards and Kolderie (1957). They stated that 
‘almost all of the dry weight loss” of the Oncopeltus 
fasciatus egg was fat and that the moisture content 
of the egg remained constant at 68% to 70% of the 
total weight. Their figures showed the average 
weight loss of eggs maintained at 25° C. to be 
33 “g., so presumably this was the amount of fat lost 
from the egg through metabolism. 

The large milkweed bug eggs seemed a logical 
choice for a further study of changes in lipid con- 
tent for several reasons. Almost no information has 
been obtained dealing with lipid changes in the eggs 
of any hemipteran species; such data on the milkweed 
bug would contribute toward filling an appreciable 
gap in the knowledge of insect biochemistry. Colonies 
of this insect are easily reared under laboratory 
conditions and produce large quantities of eggs; these 
qualities are advantageous to embryological investi- 
gations. In addition, the large milkweed bug has 
been the subject of many embryological, biological, 
and toxicological studies. A recent investigation of 
the embryonic respiration of the milkweed bug 
(Rutschky and Joseph 1957) provided valuable back- 
ground information, and also raised questions con- 
cerning the underlying chemical changes. From this 
and other related studies, it was expected that the 
milkweed bug egg would catabolize large quantities 
of fat and that changes in the lipid store would be 
large enough to be measurable. The results of the 
respiration study mentioned above indicated that fat 
might be the chief energy source of the milkweed bug 


OO 
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EXPERIMENTAL PROCEDURE 


The eggs for this study were obtained from stock 
cultures of milkweed bugs, which have been main- 
tained in this laboratory for several years on a diet 
of dried milkweed seeds and water, and at ambient 
room temperatures of approximately 23° to 26° C. 
At any given time the adults in the cultures ranged 
in age from 1 to 6 weeks. The bugs had free access 
to water-soaked Cellucotton at all times during the 
7-month experimental period, and were allowed to 
feed ad libitum from fresh seeds supplied daily. To 
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prevent excessive contamination of the food with 
mold and excreta, the dishes were emptied every 
second day before adding fresh seeds. 
collected from the oviposition cloths of folded flannel 
after a period of 2 hours had elapsed. On a few 
occasions it was necessary to lengthen the collection 
period somewhat in order to obtain enough eggs. 

Eggs from the several cultures were pooled to 
provide each sample for analysis, both to obtain the 
desired quantity of material and to ensure random- 
ness in sampling in regard to age of the adults, which 
is known to have a decided effect on number, weight, 
hatchability, and developmental rate of Oncopeltus 
eggs (Richards and Kolderie 1957). Unless the col- 
lected eggs were to be analyzed at once, they were 
stored over water in a closed jar in a constant- 
temperature cabinet, maintained at 30° C. + 1 
until the appropriate stage of embryonic development 
was reached. 

Preliminary exploratory work indicated that the 
lipid content of milkweed bug eggs is affected by re- 
ducing the amount of food available to the females. 
An approximate minimum level of feeding was de- 
termined and will be reported elsewhere. The diet 
used for females in this experiment represented the 
“normal” situation of superabundant available food 
and is comparable to the feeding methods used by 
other workers dealing with milkweed bugs. 

Eggs were analyzed for lipid content at three dif- 
ferent stages of development: shortly after oviposi- 
tion, just before the midpoint of development, and 
just prior to hatching. Under the environmental con- 
ditions noted above, these points correspond to 2, 
48, and 100 hours of age, respectively ; the midpoint 
of the collection period was taken as zero hour for 
timing purposes. Unfortunately, no single collection 
sample was large enough to permit its division into 
aliquots for analysis at different ages; hence each 
sample was analyzed at only one developmental stage. 
Replicate determinations were made on from two to 
seven collection samples. 


Eggs were 


In addition to the biochemical analyses, two auxili- 
ary studies were made; one on the number of visibly 
abnormal eggs, and another on weight changes dur- 
ing development. The percentages of infertile and 
otherwise nonviable eggs obtained were determined 
on five groups of 500 eggs each, chosen at random 
The 
eggs were incubated and examined at 100 hours of 
age for the numbers of infertile and incompletely de- 
veloped eggs. 


from samples collected over 2-hour intervals. 


Eggs which remained a pale lemon- 
yellow color were counted as infertile. Eggs showing 


light yellow color or only partial development by 


100 hours were considered incompletely developed ; 
no distinction made between which ap- 
parently developed normally to a certain point and 
then progressed no further, and those eggs which 
showed a lack of development. Eggs which appeared 
normally developed and were a solid reddish-orange 
in color at 100 hours were considered capable of 
hatching. 


was 


wo 
eggs 
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Weight changes were determined on 10 groups 
of 100 eggs each. The eggs were weighed at 2, 48, 
and 100 hours of age. About 1 hour before the 48- 
and 100-hour weighings, the eggs were removed from 
the incubator and exposed to room conditions. This 
procedure was followed in order to reproduce as 
nearly as possible the conditions under which the 2- 
hour eggs were weighed; it was also carried out be- 
fore each biochemical analysis of 48- and 100-hour 
eggs was begun. In all of the studies, 100 rather 
than 108 hours of age was selected as the final point 
because a small percentage of the eggs hatched be- 
fore 108 hours, and the young nymphs began feeding 
on the unhatched eggs. 

The analytical procedure for lipid analysis was 
essentially that given by Sperry (1954) for deter- 
mining moisture and total lipid content of brain 
tissue. This method, with a few slight modifications, 
proved to be much more satisfactory than the more 
conventional and less recently developed techniques. 
A complete account of the procedure, together with 
the principles involved and illustrations of special 
apparatus, may be found in the chapter by Sperry 
(1955). This method was designed to avoid errors 
resulting from nonrepresentative sampling, incom- 
plete extraction, nonlipid contaminants, oxidative de- 
gradation and evaporation of water during tissue dis- 
integration. In addition, moisture can be determined 
in the same sample from which the lipids were ex- 
tracted. 

Briefly, the eggs were homogenized in a closed 
homogenizer, transferred to a tared flask and weighed. 
Water was evaporated at 35°-40° C. under a stream 
of CO. and later with vacuum and CO, over “Drier- 
ite.” A 2:1 mixture of chloroform and methanol was 
used to extract lipoidal material. This mixture was 
filtered and evaporated to dryness the same way water 
was removed. The weight of the dry lipoidal material 
was multiplied by 2.5 to obtain the total lipid con+ 
tent of the sample. 

Several comparative analyses were performed to 
provide a check on the procedure and determine 
roughly the limits of accuracy. The material selected 
for the control analysis was Armour’s “Neo-Fat 
1-65,” a commercial fatty acid meeting specifications 
of 90% stearic, 6% palmitic, and 4% oleic acids. 
Three determinations were made, using samples of 
weights roughly corresponding to the amounts of 
lipid expected in egg samples of 150, 500, and 2000 
mg. These quantities were selected because they 
represent less than the minimum, approximately the 
average, and more than the maximum amounts of 
lipid material obtained in the actual egg analyses. 


RESULTS 


In the determinations performed on known quan- 
tities of a commercial fatty acid primarily as a check 
for sampling errors, the agreement between the two 
subsamples was quite good, in regard to both mois- 
ture (70.3%, 70.5%) and lipid (39.2%, 39.2%) con- 
tents. The results of the studies at all three levels 
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of quantity showed good recovery using the Sperry 
method, with the amount recovered tending to be 
slightly higher than 100%. The largest discrepancy, 
in terms of percentage recovery, occurred in the 
smaller samples (+5%). 

The data obtained from egg analyses are sum- 
marized in tables 1 to 4. Table 1 indicates the rela- 
tive proportions of normal and abnormal eggs at 100 
hours of age. Table 2 includes the weights of the 
eggs after 2, 48, and 100 hours of embryonic develop- 
ment. The average percent moisture contents of the 
eggs at the three stages of development are shown 
in table 3 and the lipid contents in table 4. 

Roughly 5% of the eggs showed no visible signs of 
development (table 1), with about the per- 
centage showing only partial development. About 
90% of the eggs appeared normally developed and 
were considered capable of hatching. Slightly greater 


same 


Table 1.—Summary of milkweed bug egg hatchability*. 


Percent 
hatching 


Percent showing 
partial development 


Percent 
infertile 


90.2 + 1.8 
(87.8 - 91.2) 


+ 0.3 53 1.6 


(3.8 - 7.8) 


Mean + s 


4. 
(4.2 - 5.0) 


Parenthetical 
values from 


a Five samples of 500 eggs each were counted. 
figures below each mean represent the range of 
which the mean was obtained. 


Table 2—Summary of milkweed bug egg weights at 
the time of laying, midway through development, and just 
before hatching*. 


Egg weight in yg. 


Age of egg 
i (Mean + s) 


in hours “t” test 


A2-Ass NS 


2 278 +2 
(274-281) 
48 276 + 3 
(271-281) 
100 266 + 3 
(262-271) 


Aw-A.00 ** 
As- A100 


aTen samples of 100 eggs each were weighed in each group 
Parenthetical figures below each mean represent the range of 
values from which the mean was obtained. NS difference not 
significant at 5% level; ** = difference significant at 1% level 


Table 3—Summary of moisture analyses of milkweed 
bug eggs at the beginning, midpoint and end of the de- 
velopmental period at ambient room temperature’. 


Moisture as percent 
of total weight 
(Mean + s) 


Age of eggs ss 
in hours “t” test 
71.3+0.9 Ar-Ass 
(69.8-72.6 ) 
48 : 70.2 + 0.2 
(69.9-70.4) 
100 d 70.8 + 0.5 
(70.5-71.3) 


@®NS 


difference not significant at 5% level; difference 
significant at 5° level 


Parenthetical figures indicate range. 
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Table 4.—Summary of lipid analyses of milkweed bug 
eggs at the beginning, midpoint and end of the develop- 
mental period at ambient room temperature.* 


“t”’ test on 
pg. lipid 
per egg 


Lipids cal 
culated in 
ug. per egg 


Lipids as 
% dry 
wt. 


Lipids as 
% wet 
wt. 


Age of 
eggs in 
hours 


Mean + s 


32.2 + 0.3 
(31.7-32.8) 


Mean + s 


40.7 + 1.1 
(39.1-41.9) 
38.9 + 1.1 32.0 + 1.0 
(37.4-40.2)  (30.6-—33.1) 
36.7 +0.9 A2 
(36.1-37.7) 


Mean +s 


11.6 + 0.1 
(11.4-11.8) 
11.6 +0.4 
(11.1-12.0) 
10.7 + 0.1 
(10.6-—10.8) 


A2—-Aas NS 
Aas—A100** 


Ai00** 


a NS = no differences significant at the 5% level; ** = significant 


differences at the 1% level. Parenthetical figures indicate range. 


variation in egg weights (table 2) between indi- 
vidual groups was encountered the eggs 
older. The weights of the eggs remained essentially 
constant at about 277 pg. each during the initial 48 
hours of development, then decreased by 10 yg. by 
100 hours. The amount of water in the eggs (table 
3) fluctuated as the eggs grew older, first decreas- 
ing and then rising again to the original level by 
hatching time. However, in view of other findings 
and practical considerations to be discussed later, this 


as grew 


apparent fluctuation is questionable. 

Lipid content of the egg at different ages is re- 
ported in three ways in table 4: as percent of the 
wet weight of the egg, as percent of the dry weight, 
and in micrograms of lipid per egg. The results of 
the duplicate determinations were first averaged to 
obtain sample means, which were then averaged to 
give the mean for the age. The calculation of lipids 
per egg probably represents the most reliable index 
of lipid change. From these calculations, the total 
lipid content remained essentially constant during the 
first 48 hours of development but thereafter decreased 
by about 12% of the original amount. 


DISCUSSION 


Before discussing the lipid changes in the de- 
veloping egg, it seems advisable to consider briefly 
the reliability of the data obtained. The two greatest 
sources of error in any biochemical study of this 
type lie in sampling and in the analytical procedure 
itself. 
determination, the pooling of eggs 
different ages and generations, and the collection of 


The use of large numbers of eggs for each 
from cultures of 


eggs at varying hours of the day and over a con- 


: 
siderable period of time all tended to increase varia- 


tion in the samples used. The lack of rigid 
temperature control over the adults also probably 
contributed to variation in the samples. 

Certain conditions undoubtedly tended to decrease 
variation in the samples. The use of inbred labora- 
tory cultures with a selected diet, restricted space, 
temperature extremes limited 
possible variation to a certain extent. The exclusion 
of adult cultures older than 6 weeks as egg sources 
may have biased the sampling slightly. Since almost 


and protection from 


no eggs were laid before 1 week, and after 6 weeks 
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e 
so few were laid compared to the numbers laid dur- 


ing the peak production period, the effect of their 
omission from the samples was probably negligible. 
It should be borne in mind that the results of this 
study pertain to the Penn State inbred laboratory 
culture; they may differ somewhat from other labora- 
tory cultures or wild populations. 

The control studies conducted 
method, although not extensive, were indicative of 
the reliability of the method. The average recovery 
of all three quantities of lipid was good and the re- 
covery percentages of each individual determination 
varied only slightly from one another. Nearly all 
the milkweed bug egg samples used large 
enough to yield quantities of lipid falling within the 
more accurate range of the Sperry method. 

Inasmuch as the literature on insect egg lipids is 
so sparse, the only generalization that can be drawn 
is that the relative amount of lipid initially supplied 
to the insect egg is variable between species (table 
5). In the eggs studied, lipids ranged from 7% to 
41% of the dry weight of the egg. The Oncopeltus 
egg resembles the Japanese beetle egg in regard to 
the proportion of dry material that is lipoidal. Both 
of these eggs contain at least twice as much lipid 
as most of the other eggs studied. 

For estimation or comparison of the decrease in 


using Sperry’s 


were 


lipids during the development of the egg, percentage 
values are not adequate. The calculation of lipid 
decrease from wet-weight percentages may be com- 
pletely erroneous if large changes in moisture con- 
tent occur during the embryonic period; if moisture 
remains constant, this method is about as accurate as 
the use of percentages by dry weight. The calculation 
of lipid decrease from dry-weight percentage is more 
accurate, since the loss of “dry” substances such as 
carbon dioxide is usually so small that it does not 
materially affect the calculations. 


Table 5. 
insects. 


Lipid content of newly laid eggs of various 


Lipids 
as 7 
by wet 
weight 


Lipids 
as &% 
by dry 
weight 


Insect Investigator 


Vaney 
(1911 


Rudolfs 


Bombyx mori (L and Conte 


Valacosoma 1926 
americanum (Fab. 
Acridium 

peregrinum Oliv. 
Melanoplus 
differentialis (Thos 
Carausius morosus Br 
Calliphora 

Lucilia sericata Meig 
Leptinotarsa 5 
decemlineata (Say 
Popillia 

japonica Newman 
Oncopeltus fasciatus 11.6 4] 


Dallas 


Dubois (1893 
Slifer (1930 


Lafon (1950 
Weinland (1909 
Rainey (1938 
Busnel (1936 


4.6 
9.9] 
26.58 1950 


40.4 Rothstein 


Herein reported 
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The apparent decrease in egg lipids by 48 hours 
as shown by the dry-weight percentages in table 4 
is a reflection of the apparent decrease in moisture 
content. Since the weight of the egg did not de- 
crease significantly by 48 hours, but moisture did, 
a gain in dry material is implicit. If lipids remain 
constant and total dry weight increases, lipids will 
represent a smaller proportion of the total. A gain in 
dry weight in a closed system such as a terrestrial 
egg is highly improbable. It seems reasonable, then, to 
ignore the pattern of lipid decrease shown by the dry- 
weight figures. The total change in lipids is com- 
parable to that calculated in other ways because the 
moisture content at 2 and 100 hours was found to be 
essentially the same. 

In view of the foregoing, moisture content proba- 
bly remained constant during development despite the 
statistical indications. Richards and Kolderie (1957) 
have reported that moisture content of the milk- 
weed bug egg incubated under constant conditions 
of temperature and humidity remained essentially 
constant at 68% to 70% of the total weight of the 
egg. The range of values found in the present study 
was 69% to 72%. This fact also supports the premise 
that the slight fluctuations found in moisture con- 
tents were artificial. 

Assuming that moisture content does remain con- 
stant, then calculation of the decrease in lipids on a 
quantity-per-egg basis seems most reliable. This 
method takes into account any loss of weight in the 
egg not due to a loss of water. The quantity of lipid 
was found to remain essentially constant through the 
first half of development, at about 32 yg. of lipid per 
egg. By hatching time, however, 28.5 yg. of lipid 
still remained. The total decrease from the initial 
supply of lipid amounted to 11.5%. This decrease is 
of much smaller magnitude than any of the decreases 
reported in the literature for other insect eggs. 

A summary of previous studies is given in table 6; 
for comparative purposes, the figures refer to total 
lipids and were calculated on bases other than wet- 


Table 6.—Decreases in the initial lipid supply of cer- 
tain representative insect eggs during development. 


Percent of initial Investigator 


Insect supply combusted 


Malacosoma 
americanum 
Melanoplus 
differentialis (Thos. ) 
Popillia japonica 
Newman 46 
Lucilia sericata 
Meig. 
Bombyx mori 
(i) 
Leptinotarsa 
decemlineata (Say) 31 
Carausius morosus Br. 26 
Oncopeltus 
fasciatus ( Dallas) 


( Fab.) 87 Rudolfs (1926) 


54.3 Slifer (1930) 
Rothstein (1952) 
44.5* Rainey (1938) 
32.3 Vaney and Conte (1911) 


3usnel (1936) 
Lafon (1950) 


11.5 Herein reported 


* Fatty acids only 
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weight percentages whenever the data permitted such 
conversions. The decrease in lipids in insect eggs, 
averaging 46% for the eggs reported by various 
authors, is assumed to be comparable to the general 
average of 55% reported by Needham for various 
terrestrial animals. The milkweed bug egg, however, 
did not show a high degree of lipid combustion and 
this contradicts the first hypothesis: that the milk- 
weed bug egg exhibits a high degree of lipid cata- 
bolism characteristic of terrestrial eggs. 

The results of the present study suggest that lipids 
may not form the major energy source of the milk- 
weed bug egg, as stated in the second hypothesis. If 
moisture content is assumed to remain constant, a 
decrease in egg weight represents the loss of dry 
material from the egg. Milkweed bug eggs showed 
a loss of 12 wg. during development; 3.7 yg. of this 
loss was accounted for as lipid. Therefore, lipids 
represent about 30% of the material combusted during 
development. 

The respiratory data previously obtained by Rut- 
schky and Joseph (1957) with eggs from the same 
stock laboratory culture have a bearing on the ques- 
tion at hand. The oxygen consumption of 1 gram of 
milkweed bug eggs at 32° C. was about 60 ml. for 
the entire developmental period. The decrease in 
lipids in 1 gram of eggs, herein reported, was 13.3 
mg. Assuming that the decrease was largely in the 
fatty-acid fraction and that the complete oxidation 
of a typical fatty acid such as oleic acid requires 
2.26 ml. of oxygen at 32° C., the amount of oxygen 
necessary to oxidize completely 13.3 mg. of lipid 
would be about 30 ml. Thus lipid combustion might 
account for 50 percent of the total oxygen uptake 
of the milkweed bug egg. 

The data suggest that lipids constituted from one- 
third to one-half of the material lost from the milk- 
weed bug egg during development. This proportion 
is closer to the average for aquatic animals (32 per- 
cent) as given by Needham than to that of terrestrial 
animals (81 percent). The average for the three 
other insect eggs studied was about 80 percent, agree- 
ing with the average for terrestrial eggs. This evi- 
dence for a smaller proportion of combusted lipids 
in the milkweed bug egg also suggests that lipids may 
not play so dominant a role in supplying the energy 
requirements in this egg as in other terrestrial eggs. 
Lipids may still be the most important single energy 
source, but the results of the present study at least 
admit the possibility that protein and/or carbohydrate 
may also play a significant role. 

It shou!d be noted that the findings discussed above 
do not agree with some statements made by Richards 
and Kolderie (1957). These authors mentioned in 
passing that nearly all of the dry weight loss of an 
Oncopeltus egg incubated at 25° C. was fat. This 
statement in itself is at variance with the results 
herein reported. Furthermore, in a previous portion 
of the same paper they stated that the wet-weight 
Presumably then, about 


loss of an egg was 33 ug. 
In the present 


33 wg. of fat was lost from the egg. 
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study the total amount of lipid initially present in the 
egg was found to be 32 ug., 28.5 wg. of which re- 
mained at a point just before hatching; in addition. 
the total weight loss was found to be only 12 ug. 

Several factors might partially account for the 
discrepancies in the two reports, but it is difficult 
to explain the extreme variance. In addition to us- 
ing a different laboratory culture, Richards and 
Kolderie used ether-alcohol extraction with a micro- 
Soxhlet apparatus (Richards, private communica- 
tion) to obtain the lipids; eggs were incubated at 
25° C; newly laid eggs were compared with newly 
hatched nymphs; hatching percentages in the peak 
egg production period were in the 92% to 96% range. 

The most critical points of difference are technique 
and the stage of development being compared. The 
differences in analytical methods might account for 
a difference in actual amounts of lipid found, but, 
since each study was consistent in method for early 
and late developmental stages, the relative change 
should have been comparable. The difference in de- 
velopmental stages being compared probably does ac- 
count for some of the discrepancy, however. The 
weight and lipid loss measured by Richards and 
Kolderie included the weight and lipid lost by the 
shedding of the chorion. Rutschky and Joseph (1957) 
found that the chorion constituted 2.3% of the total 
weight of the egg, and the presence of lipid in the 
insect chorion is generally recognized. The weight 
and lipid decrease found by Richards and Kolderie 
should be somewhat greater than in the present 
study, therefore, but the magnitude of the discrepancy 
is unexplained. 

Substances other than lipids may serve as impor- 
tant energy sources in the milkweed bug egg. AIl- 
though no data are available concerning carbohy- 
drate changes, it would seem unlikely that carbohy- 
drates provide an appreciable portion of the energy 
supply. In none of the reported studies on eggs, 
aquatic or terrestrial, is carbohydrate utilized to any 
extent except in the very earliest developmental 
stages. Protein, on the other hand, is the most 
important energy source in aquatic eggs. Certain 
observations indicate that protein might also play a 
prominent role in providing the milkweed bug egg 
with energy. 

The milkweed bug egg when newly laid is a pale 
lemon yellow in color. The color gradually deepens, 
and in about 3 days the egg begins to turn reddish 
orange; at hatching the young nymph is bright red 
in color. If the changes in color were due to an in- 
crease in the amount of fat-soluble carotenoid pig- 
ment, the increase might mask a decrease in other 
lipids. The extracted and purified lipids from 100- 
hour eggs, however, were the same pale yellow color 
as those from 2-hour eggs. Extraction studies showed 
that a large part of the color was due to water- 
soluble pteridine pigments. 

Pteridines are structurally very similar to uric 
acid, the chief form in which nitrogenous wastes are 
found in the insect egg. It has been suggested that 
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pteridines also may be the end-products of nitrogen 
metabolism. If the change in color of the milkweed 
bug egg were due to the formation of additional 
pteridines, instead of oxidation or reduction of pig- 
ments already in existence, this increase would re- 
flect an appreciable degree of protein catabolism. 
Partition data on the developing egg by Hudson et al. 
(1959) supports this hypothesis. 

The lipid content of the milkweed bug egg re- 
mained essentially constant through the first half 
of the embryonic period with some decrease occur- 
ring by hatching time—a pattern in line with Need- 
ham’s theory of a succession of energy sources. 
The decrease in lipid content during the first half 
of development could not account for more than 
10 percent of the weight lost or 15 percent of the 
oxygen consumed during this time. During the last 
half of development, however, the disappearance of 
lipid accounted for 40 percent of the weight loss 
of the eggs and for 63 percent of the oxygen con- 
sumption. 

The exact point where the increase in lipid cata- 
bolism occurred could not be pin-pointed since in- 
termediate between 48- and 100-hour eggs 
were not analyzed for lipids. The respiratory data 
reported by Rutschky and Joseph indicated that the 
rate of lipid decrease was probably fairly consistent 
during the last half of development. Higher and 
more variable respiratory quotients were found in 
the first 2 days of development, but in the later 
stages the R.Q. leveled off and remained at about 
0.76. Although inferences drawn from R.Q. values 
are not infallible, the consistency of the 0.76 value 
suggests that the rate of lipid utilization was fairly 
constant. 


stages 


SUMMARY AND CONCLUSIONS 


The purposes of this study were to determine the 
accordance or disagreement of the milkweed bug 
egg with generalizations postulated for oviparous ani- 
mals by Joseph Needham, i.e., that a high degree of 
lipid catabolism is characteristic of terrestrial eggs 
that lipids constitute the major source of energy for 
development, and that the greatest use of lipids oc- 
curs in the later stages of development. These hy- 
potheses have been supported, for the most part, by 
the available reports. 

A review of the literature showed that insect eggs 
generally conform to expectations for terrestrial eggs, 
although the’ number of insect species that have been 
investigated is quite small. The reports were diff- 
cult to compare and evaluate due to diversities in 
analytical methods, reporting methods, terminology, 
and critical treatment of data. A large decrease from 
the initial lipid content was usually found, with lipid 
breakdown (largely fatty acids) providing about 80% 
of the energy requirements of the developing egg. 
Where lipid changes at various developmental stages 
were measured, the greatest decrease in lipids oc- 
curred during the later stages. 

Milkweed bug eggs obtained from stock cultures 
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provided with an abundance of fresh food showed 
only a slight decrease in lipids during development. 
The newly laid egg contained an average of 32.2 yg. 
of lipid, amounting to 11.6% of the wet weight of 
the egg. Shortly before hatching time, the lipid con- 
tent of the egg was found to be 28.5 ywg., represent- 
ing 10.7% of the wet weight. The over-all decrease 
in lipid represented 11.5% of the initial lipid store, 
with the decrease occurring almost entirely in the 
last half of the developmental period. Moisture con- 
tent of the 2-hour eggs averaged 71.3% of the weight 
of the egg; the moisture level in 48- and 100-hour 
eggs did not differ greatly from this value. 

The milkweed bug egg did not show the high de- 
gree of lipid catabolism characteristic of other ter- 
restrial eggs. The decrease in lipids during develop- 
ment, amounting to less than 12% of the initial store, 
was much smaller than the decreases reported for 
other insect eggs. Lipids undoubtedly constitute an 
important source of energy for the milkweed bug 
egg, but do not seem to play so dominant a role 
as in the other terrestrial eggs that have been studied. 
Lipids represent only one-third to one-half of the 
material burned for energy in the milkweed bug egg. 
By far the greatest portion of the lipid decrease in 
the Oncopeltus egg occurred during the last half of 
the embryonic period, indicating that, insofar as 
lipids are concerned, Needham’s theory of a succes- 
sion of energy sources applies to this egg. 

These findings have raised a number of questions 
that warrant future investigation. In respect to the 
milkweed bug egg alone, controlled studies of the 
specific effects of maternal diet on egg lipids, quanti- 
tative measurements of changes within various lipid 
fractions, and comparisons of results obtained with 
various methods of lipid analysis are just a few of 
the studies needed to give a better understanding of 
lipid changes in the milkweed bug egg. 
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ABSTRACT 


The absorption and metabolism of 4-C**-cholesterol by 
nymphal German cockroaches (Blattella germanica (L.) ) 
was studied after two weeks on diets containing 0.05% 
C™-cholesterol with and without the sterol antagonist, 
cholesteryl chloride, at a 1:10 ratio. Dietary cholesterol 
was efficiently utilized when fed alone, with greater than 
90% of the ingested sterol retained. Cholesteryl chloride 
caused only about a 9% to 11% decrease in cholesterol 
utilization, as determined from the relative amounts of 
C' compounds present in the roaches and their excreta. 


The zoosterol cholesterol has been found to serve 
as a growth-promoting sterol for every insect species 
studied, regardless of its habits (Albritton 
1953). Dietary studies have demonstrated that cer- 
tain structural alterations of the cholesterol molecule 
may not only fail to support growth, but may even 
act as growth inhibitors when added to a diet con- 
taining cholesterol (McKennis 1947, 1954; Noland 
1954a, 1954b; Levinson and Bergmann 1957). 
Noland (1954b) found structural 
analogs to be potent cholesterol antimetabolites for 
nymphal German cockroaches (Blattella germanica 
L.), and postulated that they exert their effect by 
blocking sterol absorption or utilization through the 
competitive inhibition of cholesterol esterase. 

This investigation concerns the utilization 
metabolism of dietary cholesterol by nymphal Ger- 
man cockroaches and the effect of a cholesterol anti- 
metabolite, cholesteryl chloride, on the absorption and 
retention of this sterol. 


for rd 


several of these 


and 


MATERIALS AND METHODS 


Laboratory-reared nymphal German cockroaches, 
ranging in weight from 11.5 to 16.5 mg. were used 
in these studies. Prior to the experimental period 
the cockroaches in the first series were reared on 
Noland’s modified “diet V” (Noland and Baumann 
1949, Noland 1954a) containing 0.05% of cholesterol, 
and those in the second series on a commercial labora- 
tory diet’. 

The 4-C"-cholesterol had an observable specific 
activity of 1635 cpm per microgram and a radio- 
chemical purity greater than 97%, as determined by 
paper and column chromatographic analyses. The 
cholesteryl chloride, prepared by the method of 
Daughenbaugh and Allison (1929), had a melting 
point of 96°-97° C. 

Radioassays were made with a windowless gas-flow 
proportional counter. All samples were prepared in 
duplicate and counted for a sufficient time to give 
a standard error of +5%. Where applicable the 
counting rates were corrected for self absorption. 
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About 93% of the C™ compounds from the roaches be 
Pe 


haved chromatographically as free sterols, 5% as esters, 
and the remainder as more polar compounds. Analyses of 
the free and esterified sterols by column chromatography 
and reverse-isotope dilution demonstrated that unchanged 
cholesterol accounted for 95% of these fractions and 
another 2.5% behaved like 7-dehydrocholesterol. No 
significant amounts of either C-labeled bile acids or 
coprostanol were detected in the excreta. 


For each series six groups of 30 cockroaches were 
weighed and held in a screen-bottom metabolism cage, 
which allowed for the quantitative collection of ex- 
creta. The roaches were given Noland’s 
“diet V” containing 0.05% C"-cholesterol with or 
without 0.5% cholesteryl chloride. After 2 weeks on 
this diet the cockroaches were held for 72 hours on 
the same diet containing unlabeled cholesterol to re- 
move any unabsorbed C"’-cholesterol from their di- 
gestive tracts. The and their 
were then weighed and held frozen until analyzed. 

The individual groups of cockroaches were rinsed 
with acetone to remove external C"-cholesterol and 
ground in an all-glass homogenizer. The homog- 
enates extracted, the total radioactive 
pounds determined, and the total lipids extracted 
as previously described (Kaplanis et al. 1960). 

The total lipid extracts of each series were pooled 
according to diet and fractionated by column chroma- 
tography (Kaplanis et al. 1960) on a 1.2 x 7.5 em. 
column of 7.5 grams of Woelm acid aluminum oxide, 


grade I deactivated with 1.5% 


modified 


cockroaches excreta 


were com- 


water. 

The free-sterol fractions (ether eluates) of the two 
series were pooled according to diet, acetylated with 
acetic anhydride in pyridine, and the sterol acetates 
analyzed by chromatography on a 1.2 x 25 cm. column 
of 25 grams of Woelm acid aluminum oxide, grade 
II. The column was eluted with n-hexane-benzene 
(95:5), and the fractions (72 ml.) 
with an automatic fraction 
radioassay, those fractions representing the radio- 
metric peaks were pooled for analysis by reverse- 
isotope dilution. 

After dilution cholesterol was purified through its 
dibromide (Fieser 1953), and 7-dehydrocholesterol by 
successive recrystallizations from different solvents. 
The specific activities of these compounds were de- 
termined from 1- to 4-mg. samples of the sterol ace- 
tates plated on tissue-paper discs from a benzene solu- 
tion (20 mg./ml.). 

The fecal pellets from the cockroaches were pooled 
according to diet, extracted, and analyzed for total 
C™ compounds. The organic solvents were removed 
from the pooled total extracts, and the remaining 
fraction was exhaustively extracted with 


were collected 


collector. Following 


aqueous 
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hexane and then with dichloromethane. The hexane 
extracts were fractionated by column chromatography, 
and the free-sterol fraction was analyzed for copro- 
stanol by chromatography on a 1.2 x 3 cm. column of 
3 grams of Woelm nonalkaline aluminum 
grade III, eluted with n-hexane containing increas- 
ing percentages of benzene (Heftmann et al. 1959). 
The dichloromethane extractives were analyzed by 
paper chromatography using several Zaffaroni-type 
systems, including formamide/chloroform, 
propylene glycol/toluene, and phenyl cellosolve/ 
heptane (Neher 1959). 


oxide, 


solvent 


RESULTS 


The concentrations of C’* compounds found for 
both series ranged from 4.4 to 5.3 and 5.0 to 5.7 
microgram-equivalents of C"-cholesterol per cock- 
roach for the diet with and without cholesteryl 
chloride, respectively (table 1). The mean for all 


Table 1.—Recovery of C™ compounds from nymphal 
German cockroaches after 2 weeks on a diet containing 
0.05% C**-cholesterol with and without 0.5% cholesteryl 
chloride. 


C™ compounds (#gm./cockroach ) 


Diet with 
cholesteryl chloride 


Diet without 
cholesteryl chloride 


5 4.8 
5 5.3 
5 a4 
5 4.7 
5 4.8 
> 4.5 
5 4.8 


It 


the groups fed on the diet without cholesteryl chloride 
was about 11% higher than for those held on the 
diet containing the antagonist. Statistical analysis 
showed this difference to be significant (P<0.01). 

Column chromatographic analysis demonstrated a 
high free-sterol (about 93%) and a low sterol-ester 
fraction (5.0%-5.5%) for either diet (table 2). The 
ester fraction was slightly greater in both series of 
cockroaches fed on the diet without cholesteryl 
chloride. 

The from the columns were 
analyzed by chromatography as their corresponding 


free sterols above 


chromatographic analyses of C” 
German cockroaches. 


Table 2.—Column 
compounds from nymphal 


Percent C™ compounds 


Diet without Diet with 
cholesteryl chloride cholesteryl] chloride 
Fraction Series I | Series II Series 1 | Series I] 
Hexane <0.1 
Benzene (sterol esters) 5.5 
Diethyl ether (free sterols) 92.6 
Methanol (polar steroids) 1.9 
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acetates, and two peaks were detected by radiometric 
analysis. The major compound consisting of frac- 
tions 7 through 11 behaved like cholesterol (4° frac- 
tion), and a lesser peak (fractions 13 through 22) 
like 7-dehydrocholesterol (A°* fraction). The 
tribution of radioactive compounds among these two 
peaks and the more polar steroids (eluted with 
methanol) was similar for the two diets (table 3). 


dis- 


Table 3.—Column chromatographic analyses of free 
sterol fraction from nymphal German cockroaches as 
the corresponding acetates. 


Percent C** Compounds * 


Diet without 
cholesteryl chloride 


Q / Diet with 
Fraction cholesteryl chloride 


AY 
Ae 
Polar steroids 


@ Average of two determinations. 


When the radioactivity from these peaks was diluted 
with the corresponding authentic sterol acetates and 
purified, there was no significant change in specific 
radioactivity (table 4), indicating that these frac- 
tions represent unchanged cholesterol and 7-dehydro- 
cholesterol. : 


Table 4.—Reverse isotope dilution and purification of 
A® and A®*’ sterol acetates from nymphal German cock- 
roaches. 


CPM per milligram of sterol 


Diet without Diet with 


Procedure cholesteryl chloride cholesteryl chloride 


A® Fraction 
Diluted with cholesteryl acetate 475 419 
Cholesteryl acetate crystallized 
trom acetone 480 410 
Cholesteryl acetate saponified, 
cholesterol purified through di- 
bromide 469 
A®:? Fraction 
Diluted with 7-dehydrocholesteryl 
acetate 45 
7-Dehydrocholestery] acetate re- 


crystallized successively from 


acetone, methanol, and absolute 
ethanol 


The relative distribution of radioactivity among 
the A’, A’, and polar compounds in the pooled ester 
fraction, following saponification and acetylation, was 
about the same as that found for the free sterols. 
Only the A® fraction contained sufficient radioactivity 
to permit reverse-isotope dilution, and this showed no 
change in specific activity after dilution with choles- 
terol and purification through the dibromide. 

The recovery of C“ compounds from the nymphs 
and the excreta of series II is given in table 5. 
There is good agreement between the total micro- 


gram-equivalents recovered for the two diets. How- 
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Table 5.—Recovery of C™ compounds from nymphs 


and excreta. 


Diet with 


Diet without 3 
cholesteryl chloride 


cholesteryl chloride 


Microgram- | 


Microgram- 
equivalents | Percent 


equivalents | Percent 


409.2 91.2 


Nymphs 
39.6 8.8 


Excreta 


Total 448.8 


ever, nearly twice as much radioactivity was found 
in the excreta of the roaches held on the diet with 
cholesteryl chloride, which approximately accounts 
for the difference in C compounds found in the 


roaches. With both diets from 80% to 90% of the 


ingested cholesterol was retained. 
No significant acidic C’* compounds were detected 


in either the hexane or dichloromethane fractions 
of the feces. When a portion of the total fecal ex- 
tracts was analyzed by Girard T separation (Heft- 
mann et al. 1959), about 3% behaved as ketonic 
material. 

The hexane extracts accounted for about 70% of 
the radioactive compounds in the excreta. The free 
sterols from this fraction contained only trace 
amounts of radioactivity which behaved chromato- 
graphically like coprostanol (table 6), and this was 
insufficient to allow for reverse-isotope dilution. An- 
other peak was found to correspond with cholestenone, 
but dilution with the authentic compound and three 
recrystallizations resulted in the loss of 67% of the 


Table 6—Column chromatographic analysis of C"” 
compounds of pooled free-sterol fraction from excreta of 
nymphal German cockroaches. 


Standard 
compound 


Total 
cpm 


Eluting Solvent | Fraction 


n-Hexane 83 

Benzene in hexane 
1.0% 125 
200 


200 


N 


Coprostanol 


w 


SID Ui et 


oo 


4-Cholesten- 
3-one 


oc 


5% 
10% 
25% 
50% 


Benzene 


203,354 
112,100 
4,600 
1,550 
975 
4,900 


50 


Cholesterol and 
related sterols 


Methanol 
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radioactivity without attaining a constant specific 
activity. Most of the radioactivity was eluted in the 
fraction that contained cholesterol and related neutral 
sterols. When this fraction was acetylated and the 
acetates were chromatographed as previously de- 
scribed, most of the material was found in the A° 
fraction, with trace amounts in the A*’ fraction. 

The dichloromethane-extractable C’ compounds 
were partitioned between n-hexane and 70% meth- 
anol, a procedure commonly used in the fractionation 
of polar mammalian steroids (Neher 1958), and 
about 96% was found in the aqueous-methanol frac- 
tion. Analyses ‘of this fraction by paper chromatog- 
raphy, with several Zaffaroni-type solvent systems, 
demonstrated the presence of several polar com- 
pounds. Because of the small amounts of radioactive 
material available and the possibility that under our 
experimental conditions these might represent me- 
tabolites of intestinal microorganisms, no further at- 
tempt was made to characterize these compounds. 


DISCUSSION 


When fed at 0.05% in Noland’s “diet V” dietary 
cholesterol was efficiently utilized by nymphal Ger- 
man cockroaches, as evidenced by the relative 
amounts of C* compounds in the roaches and their 
excreta. After 2 weeks on this diet most of the C“ 
compounds present behaved as free sterols. The ester 
fraction in the cockroach is smaller than that found 
for the house fly (Musca domestica L.), where after 


only 5 days on a diet containing C™-cholesterol about 
20% of the ingested sterol is esterified (Robbins and 
Kaplanis, unpublished data). 

In the German cockroach unchanged cholesterol 
was the major C-labeled sterol present at the end 
of the experimental period, accounting for about 98% 
of both the free and ester fractions. A similar situa- 
tion has been found in the female house fly following 
injection of C-cholesterol, where cholesterol repre- 
sents the major C“ compound present in both the 
free and ester fractions of the adults and eggs 
(Kaplanis et al. 1960). 

A metabolic pathway found for cholesterol in the 
cockroach is its conversion to a 5,7-diene, which be- 
haves like 7-dehydrocholesterol when analyzed by re- 
verse-isotope dilution. This conversion has also been 
found to occur in the house fly (Kaplanis et al. 1960) 
and the confused flour beetle, Tribolium confusum 
Duv. (Beck and Kapadia 1957). The reverse of this 
metabolic conversion has been reported for the Ger- 
man cockroach by Clark and Bloch (1959), who 
found that the 5,7-diene ergosterol is demethylated 
and reduced at the A’ position to form 22-dehydro- 
cholesterol. The significance of the 5,7-diene or 
provitamin D structure in insects—its formation, 
function, and metabolic fate—merit further investi- 
gation. A better understanding of these factors should 
be important in evaluating the biochemical role(s) 
of sterols in insects. 

A small but constantly present fraction consisting 
of polar unknown(s) was also detected in the cock- 
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roaches. Whether these compounds represent steroid 
metabolites or autoxidation products, possibly pro- 
duced by fractionation, remains to be determined. 
In the feces this fraction accounted for about one- 
third of the total excreted C compounds, but under 
the experimental conditions it could not be deter- 
mined whether these were metabolic products from 
the roach or from their intestinal microorganisms. 
However, coprostanol, an important sterol metabolite, 
produced by the intestinal microorganisms of mam- 
mals, was not detected in significant amounts. The 
absence of any appreciable acidic C’* compounds in 
the feces indicates that bile acid formation is not an 
important route for sterol metabolism in the 
man cockroach. No significant amounts of C-labeled 
acids or coprostanol were detected in the excreta of 
house flies following the injection or feeding of C”*- 
cholesterol (Kaplanis et al. 1960, Tomizawa et al., 
unpublished data). 

Noland (1954a, 1954b) postulated that the various 
sterol antagonists exert their growth-retarding effect 
through the inhibition of the roach intestinal choles- 
terol esterase, and in this way interfere with the ab- 
sorption of cholesterol. However, evidence has been 
presented that esterification may not be an obligatory 
step for cholesterol absorption in mammals (Glover 
and Morton 1958) ; and in the house fly cholesterol ab- 
sorption has been found to precede extensive esteri- 
fication (Tomizawa et al., unpublished data). 
on his nutritional studies, Noland calculated that in 
order for an antimetabolite to prevent maturation in 
the German cockroach fed on a diet containing 0.05% 
of cholesterol, it would have to inhibit the utilization 
of at least 50% of the sterol. Using a concentration 
of cholesteryl chloride several times that found to be 
necessary for complete inhibition of maturation, we 
found only about a 9% to 11% decrease in cholesterol 
uptake and/or retention over a 2-week period. These 
results indicate a possible different mode of action 
for cholesteryl chloride—i.e., competition with choles- 
terol at crucial sites within the organism or the in 
vivo conversion of cholesteryl chloride to the chloride 
analog of an essential steroid metabolite of choles- 
terol—or that the inhibitory effect of this anti- 
metabolite on cholesterol utilization may only be- 
come apparent after a more extended period. 


Ger- 


Based 
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ERRATA 


In the article “Life History Studies of the 
Armyworm, Pseudaletia unipuncta (Lepidoptera : 
Noctuidae), in New Brunswick,” im Volume 53, 
Number 5, September, 1960, the following cor- 
rections have been requested by the author: 

Page 661, end of abstract. For “14 hymenopterous 
and 11 dipterous species,” read: 13 hymenop- 
terous and 5 dipterous species. 

Page 665, under “Parasites.” Delete the follow- 
ing names ; Fannia canicularis (L.) ; Muscina 
assimilis Fall.; Pollenia rudis (Fabr.) ; Hyle- 


myia fugax Meigen ; Phaenicia sericata Meig. ; 


Ametastegia glabrata (Fall.); Promethes 
elongatus Prov. 

In the same list, note the corrections: “E.xo- 
rista mella Walk.” (not melba); “Madre- 
myia saundersti (Will.)” (not saunderst) ; 
“Winthemia sp., prob. militaris (Walsh)” 
(not Wlsh.) ; “Winthemia rufopicta ( Bigot)” 
(not L.) ; “Netelia sp. (Hymenoptera)” (not 


Diptera ). 





The Biology and Ecology of Granary Mites of the Pacific Northwest 
I. Ecological Considerations’ 


G. W. KRANTZ? 
ABSTRACT 


The role of phytophagus, predaceous, parasitic and 
saprophagous mites found in stored grain in Oregon, 
Washington and Idaho is discussed. The ecological inter- 
relationships of granary mites with other members of the 


The artificial environment provided by grain stor- 
age facilities offers many advantages to the numerous 
plant and animal species which inhabit it. Gramini- 
vorous organisms may exploit their food source with 
little chance of ultimate starvation, and in turn sup- 
ply food for the wide variety of predators, parasites, 
and fungivores associated with them. Protection 
from extremes of heat or cold permits many of these 
organisms to feed and reproduce throughout the year, 
favoring population growth and insuring a more 
thorough utilization of the habitat. Necessary mois- 
ture often is made available in dry seasons through 
condensation on the surface of the grain mass al- 
though, as pointed out by Linsley (1944), high mois- 
ture is not an important survival factor for a num- 
ber of granary forms. 

Along with the numerous insects which adapted 
themselves to the granary habitat with the advent 
of wheat, oat, and barley storage were many other 
forms of life, including mites. Some were introduced 
initially from soil or litter in adjacent areas while 
others were carried in upon rodents, birds, or insects 
which in turn were attracted to these concentrated 
sources of food. Several mite species found com- 
monly in food storages today also may be found in 
the nests of birds or rodents, in moss, and in grass 
and forest litter (Zakhvatkin 1941). Placed in an 
artificial situation where the food supply is virtually 
inexhaustible, and the temperature and humidity are 
constantly favorable, these innocuous forms may in- 
crease to astonishing numbers, causing feeding in- 
jury or producing difficult contamination problems. 

Newstead and Duvall (1918), Zakhvatkin (1941), 
Solomon (1946), and others have contributed useful 
information on the ecology of graminivorous mites, 
especially on the genera Acarus Linnaeus, Tyro- 
phagus Oudemans, and Glycyphagus Hering. The 
papers by Newstead and Duvall, and Solomon, deal 
primarily with moisture and temperature require- 
ments of the mites studied, as well as with the inter- 
action between the predaceous mite Cheyletus erudi- 
tus (Schrank) and the grain mite Acarus siro L. 
from the standpoint of biological control. Zakhvatkin 
includes, in his monumental work on the Acaroidea 
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granary community also are reviewed. A checklist of 
granary mites found in the Pacific Northwest is included, 
with species arranged as to food preferences. 


(=Tyroglyphoidea), a comprehensive list of natural 
habitats from which he records many species of 
granary mites. 

Relatively little attention has been given to the 
interrelationships between organisms infesting grain. 
Yet the effects of competition between, and the inter- 
dependence of, the various faunal and floral inhabi- 
tants in the stored grain biota most certainly affect 
the activities of the competing or interacting species. 
Mites play an inconspicuous but important role in 
these interrelationships. 

This paper is an attempt to define the status of 
mites in the granary community in relation to the 
organisms commonly found with them. A list of the 
known genera and species of granary mites from 
the Pacific Northwest (66 species representing 31 
families) is included in the form of an appendix. 
Over 450 samples of mite-infested grain collected in 
Oregon, Washington, and Idaho granaries were ex- 
amined in order to provide data for its compilation. 


DISCUSSION 

When discussing a granary community, it should 
be realized that the majority of the inhabitants are 
confined to the surface and subsurface of the grain 
mass. Solomon (1946) has shown that variations in 
carbon dioxide concentration at the surface and deep 
within the grain mass are of little or no importance 
in explaining this effect, nor is there any reason to 
suspect that light intensity plays any role in deter- 
mining the location of infestations. The primary 
consideration appears to be moisture concentration 
which, because of condensation at the surface of the 
mass during most of the storage season, is consider- 
ably higher at the surface than within the mass. 
In the coastal regions of the Pacific Northwest, how- 
ever, extremely wet winters may result in wet spots 
developing along bin walls or floors. As might be 
expected in such cases, mite and insect infestations 
may be found around these loci, regardless of depth. 

In addition to the abiotic factors of moisture, nu- 
trition, and gas exchange relative to mite survival 
in stored grain, (Hughes 1943, Solomon 1946), the 
success of mites in any grain storage is a function of 
several biotic factors, many of which are dependent 
upon the habits of the species in question. For ex- 
ample, predaceous mites cannot be expected to become 
well established in the absence of suitable prey. 
Similarly, infestations of mite species dependent upon 
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insects for dispersion presupposes the presence of 
these insects. Unless the grain mass is open to in- 
festation by rodents, the various facultative mite para- 
sites which they harbor are excluded from the 
granary community. Other examples of interde- 
pendence will be mentioned later in the discussion. 

In order better to define the diversified activities 
of the several species of mites found in stored grain, 
they are herein separated into three food-preference 
groups. The first of these groups consists of those 
mites which feed directly on the grain kernel, or 
on dockage made up of broken kernels and grain 
dust. These so-called primary acariforms serve as 
an important source of food for the predaceous mites 
usually found associated with them. The predaceous 
granary mites, along with the numerous acarines 
which parasitize grain-inhabiting animals, comprise 
what the author refers to as secondary acariforms. 
Extensive populations of still a third group of mites 
may be found in grain having an abnormally high 
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sarcoptiform supercohort Oribatei and the mesostig- 
matid cohort Uropodina. These mites usually are 
heavily sclerotized, slow-moving species with large or 
small bluntly toothed chelicerae. Because of their 
food preferences, they are most common in grain 
which is in poor condition due to high moisture 
and consequent insect and fungal infestation. The 
interaction of primary, secondary and tertiary acari- 
forms is illustrated in fig. 1. 

Secondary predaceous acariforms, such as Chey- 
letus eruditus (Schrank) (suborder Trombidiformes, 
family Cheyletidae) prey chiefly on primary acari- 
forms, but also will attack weakly sclerotized ter- 
tiary acariforms such as Glycyphagus domesticus 
(DeGeer) (suborder Sarcoptiformes, family Glycy- 
phagidae). By feeding on grain kernels and allowing 
the entrance of molds and other decay organisms, 
primary acariforms indirectly aid in the establish- 
ment of food sources for tertiary acariforms. Large 
populations of tertiary types rarely are found in 


SECONDARY 
ACARIFORMS 


PRIMARY 
ACARIFORMS 


Fic. 1—Basic interrelationships of primary, secondary, 


substrate. 


moisture content. These are the fungivores and 
saprophytes, or tertiary acariforms. Thus far 15 pri- 
mary, 31 secondary, and 20 tertiary acariforms have 
been found in Pacific Northwest granaries (see ap- 
pendix ). 

Primary acariforms are confined to the Suborder 
Sarcoptiformes, Supercohort Acaridiae, with the 
families Acaridae and Glycyphagidae containing the 
majority of species. These mites are weakly sclero- 
tized, slow-moving forms with large bluntly toothed 
chelicerae with which the mites are able to scrape 
and masticate food material. Secondary acariforms 
are found primarily in the suborders Mesostigmata 
and Trombidiformes, and represent a number of 
families. Members of the mesostigmatid families 
Aceosejidae, Laelaptidae, and Haemogamasidae, and 
of the trombidiform families Cheyletidae, Tydeidae, 
Pyemotidae, and Cunaxidae are encountered fre- 
quently in the granary community. Generally speak- 
ing, these are rapidly moving, long-legged mites with 
styletiform or grasping chelicerae adapted for suck- 
ing or puncturing. Tertiary acariforms are found in 
the Mesostigmata, Trombidiformes, and Sarcopti- 
formes, with the majority of species occurring in the 


TERTIARY 
ACARIFORMS 


and tertiary acariforms on a grain 


grain which has not previously been infested by pri- 
mary acariforms or insects. 

While secondary and tertiary acariforms both are 
dependent to some extent on primary acariforms, the 
latter may persist in the absence of one or both of 
the former. Primary types are dependent only on the 
abiotic factors mentioned earlier and, to some extent, 


on the bivtic forces discussed in a later section. 
Other mite forms, however, are unnecessary inter- 
mediates between the primary acariforms and the 
substrate on which they feed. 

The interaction of biotic forces in stored grain 
is not limited to that between mites alone. The biota 
of the grain storage is extensive and varied, and 
each factor is of some importance in the over-all 
ecological picture. Figure 2 may serve to clarify 
the general positions of the factors involved.* 


PRIMARY ACARIFORMS 


As defined earlier, primary acariforms feed on 
whole or broken grain kernels. Although primary 


3 Arrows with points at either end indicate a two-way relation- 
ship. For example, while insects may act as carriers for primary 
acariforms, other insects may prey on primary types. 
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Fic. 2.—Interrelationships of biota in the granary community. 


types need not rely on other forms of mites for their 
subsistence, various animals other than mites are of 
importance in the relocation of primary acariform 


populations to new areas in the grain bin, or to 


other bins. These animals include insects, rodents, 
and birds. 

Insects have been implicated in several instances 
as involuntary carriers of immature and, less fre- 
quently, adult stages of primary acariforms (Schulze 
1922, Zakhvatkin 1941). The hypopus, a quiescent 
or active nymphal stadium occurring in the life 
cycles of several grain-inhabiting sarcoptiform mites, 
often is well adapted for this type of dispersal. A 
ventral plate of disclike suckers or claspers aids the 
hypopus in adhering to its insect vector, usually a 
beetle. 

Rodents are capable of carrying immature and 
mature primary acariforms both externally and in- 
ternally. Boulanova (1936) examined the feces of 
mice infesting stored grain and found viable eggs and 
hypopi of primary acariforms. These immature 
stages had passed through the alimentary tract of 
the mice with no apparent harm. Adults and hypopi 
of primary acariforms have been discovered in the 
fur of rodents infesting stored grain (Rodionov 
1937). Thus rodents may not only transport these 
forms between loci in a given bin, but also into nest- 
ing areas from which relocation into uninfested 
bins may occur. 

Occasionally birds gain access to grain bins, es- 
pecially to those bins which are of the exposed sur- 
face type. Broken windows or screens in grain ele- 
vators also contribute to bird invasion. As in the 
case of rodents, immature and adult primary acari- 


forms may be transported by these birds between 
the nesting sites and the grain substrate. Eichler 
(1937) has recovered numbers of primary acari- 
forms from the feathers and nesting materials of 
birds. Zakhvatkin (1941) observed that transporta- 
tion of primary acariforms by birds is confined to 
that of adult mites but, in the light of the abundance 
of all stages of primary acariforms and _ soft-bodied 
tertiary acariforms in the nests of many species of 
granary-invading birds (Woodroffe 1953), it appears 
most likely that immature mites also are transported 
by this method. Sparrows, pigeons and starlings are 
among the more avian invaders of 


common grain 


storages, 
SECONDARY ACARIFORMS 


Those mites classified as secondary acariforms in- 
clude both predaceous and parasitic species encoun- 
tered in stored grain. As stated earlier, predaceous 
secondary forms may derive their food from pri- 
mary or, more rarely, tertiary acariforms. Insects 
also may be attacked by predaceous secondary acari- 
forms. Banks (1915) and others have observed that 
members of the genus Cheyletus prey on small insects. 
The author has observed C. eruditus feeding on 
Liposcelis sp., a psocid frequently associated with 
stored grain. In laboratory observations, Cheyletus 
malaccensis Oudemans was found to feed voraciously 
on first-instar larvae of Rhizopertha dominica (F.), 
the lesser grain borer. 

While the introduction of predaceous secondary 
acariforms into stored grain by rodents, birds, and 
insects is quite common, subsequent spread of these 
mites in the bin is governed for the most part by 
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the availability of their prey. As a result, predaceous 
mites frequently are found in isolated loci in bins 
with high rodent or bird populations but with cor- 
respondingly insignificant infestations of primary 
and tertiary acariforms. Situations of this type are 
particularly evident during the dry summer months. 

Parasitic acariforms frequently are 
found in grain storages. Because of the wide host- 
preference range shown by the majority of these 
species, infestation of a grain bin by any one of 
several animals, including rodents, birds, or insects, 
will oftentimes result in the introduction of one or 
more parasitic mites into the bin. 

Many parasitic secondary acariforms have been 
recorded from birds and mammals alike, while some 
have been recovered only from one or the other 
group. Strandtmann (1948) reported that parasitic 
mites of the genus Haemolaelaps, ordinarily asso- 
ciated with small mammals, have been recovered 
from birds with enough regularity to suggest that 
birds are of definite importance as preferred hosts 
for various species in the genus. According to 
Strandtmann and Wharton (1958), 10 species of 
Haemolaelaps have been recovered from birds, one 
of which is extremely common in Pacific Northwest 
granaries. On the other hand, Dermanyssus gal- 
linae (DeGeer), a blood-sucking species occasionally 
found in grain bins, is strictly an avian parasite. 
information on host ranges for 


secondary 


Unfortunately, 


many of the parasitic secondary acariforms is far 


from conclusive. It seems probable that some of 
the so-called host-specific species are, in reality, 
parasitic on a number of hosts. The exact relation- 
ship between the mite and the host has yet to be 
clarified in many cases. What may appear to be a 
true host-parasite relationship often is revealed as a 
phoretic situation in which the mite is a predaceous 
species utilizing the mammal, bird, or insect “host” 
only for transportation. Due to the difficulty of 
observation, such a distinction often is difficult to 
make, other than through inference based upon frag- 
mentary information. Hughes (1948) noted Andro- 
laelaps pilifer Oudemans as a small-mammal para- 
site while Strandtruzann and Wharton (1958) feel 
that this grain-inhabiting form is not parasitic. 
Haemogamasus pontiger (Berlese) apparently is a 
facultative parasite in stored grain, feeding on other 
mites in addition to parasitizing small mammals. 
Further examination of other supposed obligate para- 
site secondary acariforms probably will reveal simi- 
lar situations. 

A number of parasitic secondary acariforms prey 
on the insect inhabitants of grain bins. The straw 
itch mite, Pyemotes ventricosus (Newport) 
der Trombidiformes, family Pyemotidae), a 
known pest of man, also is parasitic on the larvae 
and pupae of various granary insects, including the 
\ngoumois grain moth (Sitotroga cerealella Oliv.). 
The confused flour beetle, Tribolium confusum Fab., 
is parasitized by the trombidiform mite Acarophenax 
tribolii Newstead and Duvall (Newstead and Du- 


(subor- 
well 


[Vol. 54 


vall 1918), while an undescribed species of Acaro- 
phenax recently has been found on flat grain beetles 
in Washington. Melichares (Blattisocius) tarsalis 
(Berlese) (suborder Mesostigmata, family Aceose- 
jidae) is a parasitic secondary acariform which 
preys on grain moths of the genera Ephestia, Sito- 
troga and Plodia (Hughes 1948). Other granary 
mite-insect associations are cited by Cotton and 
Good (1937). 

The second, or deutonymphal, stage of various 
tertiary acariforms belonging to the family Uropo- 
didae (suborder Mesostigmata) often is found at- 
tached to granary insects and may be mistaken for 
parasitic species. The relationship in this case is 
purely phoretic, as will be described below. 


TERTIARY ACARIFORMS 


In the third category of granary mites are in- 
cluded those species which feed on fungi and decay- 
ing vegetable debris. Only one tertiary acariform, 
Glycyphagus domesticus (DeGeer), can be con- 
sidered as being indigenous to the granary com- 
munity. The majority of species are attracted to, or 
carried into, the grain tiiass from other food sources. 
These sources include decaying vegetable debris, 
moss, dung, and decaying wood (Hughes 1948; 
Woolley 1960). G. domesticus, a fungivore, is a 
regular member of the granary community and, al- 
though found in other situations, is usually thought 
of as being essentially a granary form. 

Several tertiary species belonging to the super- 
cohort Oribatei have been found in Pacific North- 
west granaries, including representatives of the 
families Belbidae, Eremaeidae, Ceratozetidae, Cara- 
bodidae and Camisiidae. In almost every instance, 
the grain in which the mites were found was moldy 
or of a moisture content well above that recom- 
mended for safe storage (Cotton 1952). Mites of 
the family Uropodidae (suborder Mesostigmata) also 
were found in moldy or wet grain samples. Uropodid 
deutonymphs often are carried into grain on granary 
insects, to which the mites attach by means of a 
pedicel which is secreted from the anus. The associa- 
tion with insects is assumed to be a phoretic relation- 
ship (Hughes 1959), by which the mites may be 
transported to new feeding sites. 

It is of interest to note that many tertiary acari- 
forms have been implicated in the transmission of 
tapeworms. Joyeaux and Baer (1945) found that 
Catenotaenia pusilla Goeze, a tapeworm infesting 
rodents, used the mite Glycyphagus domesticus as an 
intermediate host. The sheep tapeworm, Moniezia 
expansa Rudolfi, as well as several other cestodes, 
are ound in the cysticercoid condition in various 
species of Oribatei, according to Stunkard (1937) 
and Kates and Runkel (1948). 

INSECTS 
The role of insects as pests in stored grain has 


been well known for many years. Cotton (1952) 
estimated that the depredations of granary insects 
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results in a yearly loss of $300,000,000 in the United 
States. 

Although a number of 
grain storages are of a destructive nature, there 
are also several species which prey on primary 
acariforms or on insect pests of grain. Apparently 
some of these predators are capable of exerting a 
degree of control over populations of grain-feeding 
mites. Barnes (1929, 1933) reported that cecidomyid 
larvae of the genera Lestodiplosis and Silvestrina 
are predatory on granary mites. The larva of the 
window-pane fly, Scenopinus fenestralis L., has been 
observed to be predatory on various granary insects 
and, although the author has never observed this 
mites, it probable that 


insect species infesting 


insect preying on seems 


granary mites are among the organisms attacked 


by it. 

Predaceous granary insects utilize the 
moving secondary and, in all probability, the heavily 
armored tertiary acariforms for food. Lestodiplosis 
sp. was observed by the author to feed occasionally 
on Cheyletus eruditus as well as on Acarus siro in 


also fast 


mixed cultures. 

Some insects which frequent 
fungivorous and, as such, compete directly with ter- 
tiary acariforms in obtaining their food. Most con- 
spicuous in this group are the beetles belonging to 
the family Mycetophagidae. The two-banded fungus 
beetle, Alphitophagus bifasciatus Say, is a myceto- 
phagid which is quite common in stored products. 


stored grain are 


RODENTS 


The occurrence of rodents in grain storages has 
led to enormous losses throughout the North Ameri- 
can continent in past years. The common brown rat 
(Rattus norvegicus) in the northern states and the 
black rat (Rattus rattus) in the south and west 
probably destroy or taint more food in storage than 
do any of the granary forms referred to previously. 
The world-wide distribution of mites such as Acarus 
siro has no doubt been accelerated by the accidental 
spread and subsequent migration of infested rats and 
mice into uninfested areas. Thus rodents play a dual 
role in stored grain; direct injury to the commodity 
involved and the transportation and maintenance of 
granary mites. 

BIRDS 

The great variety of mite vectors and hosts found 
among the birds (Strandtmann and Wharton 1958; 
Woodroffe 1953) would seem to indicate that birds 
are of considerable importance in the ecology of grain 
storages. The significance of mite infestations 
initiated by birds in stored food, however, is tempered 
by the difficulty usually encountered by them in gain- 
ing access to the grain mass. While broken windows 
or faulty screens in grain elevators may result in a 
full scale bird infestation, spilled grain or sweepings 
left outside the elevator are the most common loci for 
bird feeding. Consequently those parasitic secondary 
acariforms which are predominantly parasites of birds 
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are but occasionally found in any numbers in the 
grain storage proper. 
FUNGI 

When, for any reason, the moisture content of a 
commodity in storage exceeds approximately 20% 
moisture content, molds are likely to become es- 
tablished. Molds are utilized as food by many of 
the tertiary acariforms and by certain mycetophilous 
insects, one of which was mentioned earlier in this 
section. Assuming sufficient moisture to be available, 
molds may be spread throughout the grain storage 
on the bodies of any of the organisms occurring with 
them. 


MAN 


No artificial classification of the biota of stored 


grain would be complete without some mention of 
one of the most significant factors in the biotic cycle 
—man. Not only is man responsible for creating an 
artificial ecological niche where concentration and 
multiplication of granary organisms may proceed at 
accelerated rates, but also for transporting these or- 
ganisms to hitherto uninfested areas. 
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APPENDIX 


A List of the Granary Mites known to occur in Stored 
Grain and Grain Products in the Pacific Northwest 
(May 1960)* 
PRIMARY ACARIFORMS 
Suborder Sarcoptiformes, Supercohort Acaridiae 
Family Acaridae 
1. Acarus siro L. 
Tyrophagus putrescentiae (Schrank)* 
T yrophagus dimidiatus Herm. 
T yrophagus casei Oud.* 
Tyrophagus oudemansi Robertson 
Tyrophagus lint Oud. 
. Aleuroglyphus ovatus Troup. 
3. Caloglyphus berlesei Mich. 
9. Caloglyphus sp. (probably batsylevi Zakh. ) 
10. Histiogaster carpio Kramer* 
11. Rhizoglyphus echinopus F. and R. 
Family Glycyphagidae 
12. Glycyphagus destructor Schrank 
13. Chortoglyphus arcuatus Troup. 
14. Ctenoglyphus* sp. 
15. Gohieria fusca Oud. 


SECONDARY ACARIFORMS 
Suborder Trombidiformes, Supercohort Heterostigmata 
Family Pyemotidae 
16. Pyemotes ventricosus (Newp.) 
17. Acarophenax sp. 
Family Tarsonemidae 
18. Tarsonemus randsi Ewing 
Suborder Trombidiformes, Supercohort Prostigmata 
Family Tydeidae 
19. Tydeus interruptus Sig Thor* 
Family Bdellidae 
20. Spinibdella sp. 
Za. Cyta sp. 
Family Cunaxidae 
22. Cunaxa sp. 


4Genera or species marked with an asterisk (*) are only 
until 
Many of the 


undetermined species are new, and will be described in subsequent 


tentatively placed in their given food-preference groups 


further observations on their habits may be made. 


papers. 


Family Raphignathidae 
23. Raphignathus sp. 
Family Anystidae 
24. Tarsotomus sp. 
Family Cheyletidae 
25. Cheyletus eruditus (Schrank) 
26. Cheyletus malaccensis Oud. 
27. Cheyletus trouessarti Oud. 
28. Cheyletus sp. 
29. Acaropsis docta ( Berl.) 
30. Cheletomorpha lepidopterorum (Shaw ) 
Suborder Mesostigmata, Supercohort Monogynaspida 
Family Parasitidae 
31. Parasitus sp. 
Family Veigaiidae 
32. Veigata serrata Willmann 
Family Macrochelidae 
33. Macrocheles muscaedomesticae (Scopoli) 
Family Laelaptidae 
34. Hypoaspis smithti Hughes 
35. Haemolaelaps casalis ( Berl.) 
36. Haemolaelaps glasgowi (Ewing) 
Family Haemogamasidae 
37. Eulaelaps stabularis (Koch) 
38. Haemogamasus pontiger ( Berl.) 
Family Dermanyssidae 
39. Dermanyssus gallinae (DeGeer ) 
Family Digamasellidae 
40. Digamasellus sp. 
Family Aceosejidae 
41. Proctolaelaps (P.) hypudaei (Oud.) 
42. Melichares ( Blattisocius) tarsalis ( Berl.) 
43. Melichares (Blattisocius) keegani (Fox) 
44. Lasioseius ?hispinosus Evans 
45. Kleemannia plumosa (Oud. ) 
46. Kleemanntia sp. 


TERTIARY ACARIFORMS 


Suborder Sarcoptiformes, Supercohort Acaridiae 
Family Glycyphagidae 
47. Glycyphagus domesticus (DeGeer ) 
Suborder Sarcoptiformes, Supercohort Oribatei 
Family Camisiidae 
48. Camisia segnis (Herm.) 
49. ?Nothrus sp. 
Family Carabodidae 
50. Tectocephalus velatus ( Mich.) 
51. Cepheus sp. 
Family Eremaeidae 
52. Oppia sp. 
53. Eremaeus ?foveolatus (Sellnick) 
54. Eremaeus sp. (1) 
55. Eremaeus sp. (2) 
Family Ceratozetidae 
56. Ceratosetes sp. 
Family Belbidae 
57. Belba sp. 
Family Cymbaeremaeidae 
58. Cymbaeremaeus sp. 
Family Hypochthoniidae 
59. ?Trhypochthonius sp. 
Family Oribatulidae 
60. Scheloribates ?pallidulus (Koch) 
Family Achipteriidae 
61. ?Genus 
Suborder Trombidiformes, Supercohort Heterostigmata 
Family Pyemotidae 
62. Pygmephorus sp. 
Suborder Mesiostigmata, Supercohort Monogynaspida 
Family Zerconidae 
63. Zercon sp.* 
Family Trachytidae 
64. Trachytes sp.* 
Family Uropodidae 
65. Fuscuropoda marginata (Koch) 
66. Leiodinychus krameri (G. and R. Can.) 
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ABSTRACT 


Laboratory studies indicated that 2.5° C. approximated 
the threshold temperature that initiates diapause termina- 
tion of the hibernating second-instar budworm larvae. 
Using this temperature as a base, it was possible to 
calculate from standard thermograph records the degree- 


The speed of insect development in nature in rela- 
tion to temperatures recorded in the field has been, 
for a long time, of special interest to entomologists. 
It would be useful if, by means of meteorological 
records, the emergence date of the spring brood of 
an insect pest or the duration of a generation could 
be predicted. 

This problem, however, is not as simple as it may 
seem at first glance. For one thing, precise tempera- 
ture measurements are not always feasible or even 
possible in the field. Therefore, data based on con- 
trolled laboratory experiments may not reflect field 
conditions. 

Because the factor of temperature has been con- 
sidered the dominant one controlling insect develop- 
ment, many bioclimatic studies have been directed 
toward measuring its effect. Various mathematical 
formulas have been used from time to time to ex- 
press the relationship between temperature and speed 
of development in insects. Nearly all of this endeavor 
has been centered around the expression for the 
hyperbola’ and its reciprocal.‘ The reciprocal when 
plotted over temperature produces a straight line that, 
when extended, intercepts the abscissa at a point 
long considered as the threshold temperature for 
insect development. 

Recently, laboratory experiments (Davidson 1944, 
Andrewartha and Birch 1954) have shown that this 
relationship is not linear. It was observed that some 
development occurred at temperatures below this 
point and some at temperatures higher than the up- 
per limits of the favorable range. When these fac- 
tors were considered, the temperature-development 
data produced a sigmoid curve that gave a more 
comprehensive picture of the rate of development 
at different temperature levels. This is especially 
true under laboratory conditions where a constant 
environment can be maintained. In nature, however, 
where climatic factors fluctuate continually, insect 
responses vary accordingly (Messenger 1959). These 
environmental responses of the insect must be con- 


1 Accepted for publication August 2, 1960. 

2 Maintained at St. Paul 1, Minnesota, by the Forest Service, 
U. S. Department of Agriculture, in cooperation with the Uni- 
versity of Minnesota. 

Sy(* — a) = K, 
usually expressed in hours, at 
expressed in degrees centigrade. 

*1/y <= k + bx, where y and # are the same as above, and 
k is equal to —ab. 


where y is the duration of development, 
temperature #, which is usually 


hours that would establish the approximate date when 
first larval emergence can be expected in the field. The 
data given represent those conditions found in northern 
Minnesota. However, the method should be applicable to 
other regions. 


sidered if highly accurate results are expected, but 
under most field conditions the difference of 1 or 
even 2 days may not necessarily be critical. 

The study reported here was designed to determine 
if the approximate date of emergence from hiberna- 
tion of the spruce budworm (Choristoneura fumi- 
ferana (Clem.)) larva could be calculated from 
regular thermograph records. It was not expected 
that this method would accurately pinpoint the event, 
but it was believed that the threshold temperature, 
determined from laboratory experiments, was suffi- 
ciently close to that expected under field conditions 
to permit its use in estimating the approximate date 
of larval emergence. 


METHOD 


The study was divided into two parts: (1) field 
studies, and (2) laboratory experiments. The field 
studies were conducted annually from 1957 to 1960 
in the vicinity of the Kawishiwi Field Laboratory 
near Ely, Minnesota, and the laboratory experiments 
during the winter of 1959-60 at the St. Paul Campus, 
University of Minnesota, in cooperation with the 
Department of Entomology and Economic Zoology. 

Laboratory Experiments.—Hibernating larvae used 
in these experiments were exposed to cold tempera- 
tures for a period sufficient to terminate diapause. 
At the end of this period, twigs having approxi- 
mately 25 hibernating larvae were placed in vials 
stoppered with cotton. Four of these vials were then 
placed upright in a large screw-cap Mason jar con- 
taining about 1 inch of saturated sodium chloride 
solution to maintain a relative humidity of 75 percent. 
Two of these jars were placed in each of three 
constant temperature-humidity cabinets set at 15°, 
20°, and 25° C. 

The vials were checked at least twice daily, and 
the development period from beginning of the ex- 
periment until first general emergence had occurred 
was noted. Observations were continued until emer- 
gence was nearly completed. From these data the 
development period when 50-percent emergence had 
occurred was also determined. 

Field Studies—In November of each year a num- 
ber of twigs with hibernating larvae were attached 
to branches (about 7 feet from the 
several balsam firs in the vicinity of the field labora- 
tory, where they remained throughout the winter. 


ground) of 
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In early March a recording thermograph was in- 
stalled at the same location and operated through 
May. At regular intervals in April and May a few 
twigs were removed and the hibernating larvae 
checked to determine if emergence had commenced. 
These observations were made until all living hi- 
bernating larvae had emerged. 


RESULTS 


table 1 
hours ) 


Laboratory Experiments—The data in 
show the average development period (in 
for each test temperature from the start of the ex- 
periment until emergence occurred. 


Table 1.—The average development period (in hours) 
for three test temperatures, 200 larvae per test. 


50-percent 
emergence 
(y) 


First general 
emergence 
(y) 


Test 
temperature 
(x) 


436 
316 


242 


316 
216 
168 


When the development period data (y), for both 
emergence events, are plotted over temperature (17) 
(figure 1) the hyperbolic curve is noted. However, 


3 ~ oe 
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hyperbolic relationship 
between development period (y) and temperature. The 


Fic. 1.—Solid lines show the 


broken lines show the calculated linear relationship of 
reciprocal of y and temperature. 
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when the reciprocal (1/y) values® of y are plotted over 
temperature, straight lines are formed. When these 
lines are extrapolated they intercept the +-axis at 
approximately 2.5° C. This point will be considered 
the threshold temperature which initiates diapause 
termination of the hibernating second-instar larvae. 
The fact that the reciprocal of both emergence events 
intercepts the abscissa at approximately the same 
point further justifies its use. 

With the threshold temperature (2.5° C.), it is 
possible to calculate the degree-hours necessary to 
produce emergence. Using the formula K = y(.+-t), 
where y is the development period (see table 1), 
x the test temperature, and ¢ the threshold tempera- 
ture, the K value (degree-hours) was calculated for 
each test temperature for first and 50-percent emer- 
gence (table 2). 


Table 2.—Calculated degree-hours for each test tem- 
perature based on a threshold temperature of 2.5° C. 


50-percent 
emergence 


First general 
emergence 


Test temperature 


18° <; 3950 
20 3780 
2° 3780 
Average 3837 


Field Studies ——The field observations were made 
during the months of April and May for all 4 years. 
In addition to the regular checks of hibernating 
larvae from branches hung in the vicinity of the 
laboratory, balsam fir branches were collected in the 
field and examined for evidence of larval activity. 
The dates on which this activity was first observed 
are given in table 3. Degree-hours were then de- 
termined for each observation using the formulas 
proposed by Lindsey and Newman (1956).° In these 
calculations, that day in March or April when the 
daily high first exceeded the threshold temperature 
(2.5° C.) was used as a starting point. Using the 
average number of degree-hours from table 2, the 
dates when first and. 50-percent emergence may be 
expected were obtained (table 3). 

DISCUSSION 

Although the spruce budworm has been the sub- 
ject of extensive investigations, this problem of tem- 
perature-development relationship of second-instar 
larvae has received little attention. Henson (1948) 
and Wagg (1958) both mentioned an air tempera- 
ture of 42° F. as the threshold for the 
resumption of activity by the second-instar larva in 
the hibernaculum. Neither, however, explained satis- 
factorily how it was derived, nor the period of time 


necessary 


5 These values are from a linear transformation derived from 
the normal solution of 1/y = k + bx (footnote 4); they have 
been multiplied by 10,000 for ease in plotting. 

®Use 12 (h t)2/(h 1) when the threshold temperature 
(t) is greater than the mean daily temperature (m), and 
24(m — t) when the mean daily temperature is equal to or 
greater than the threshold temperature; 4 = maximum and / = 
minimum temperatures. 
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Table 3.—A comparison between observed and calcu- 
lated dates for larval activity with corresponding degree- 
hours.* 


First observed in 


field 


First emergence 
near laboratory Calculated 
50-percent 
emergence 
Degree- date °¢ 


hours 


Cal- 
culated 
date> 


Degree- 


Date hours Date 


4958 April 30 
April 27 
May 4 

May 14 


4382 
4025 
4306 
4060 


April 27 
April 17 
May 1 

May 10 


1957 April 30 
1958 
1959 
1960 


April 29 
April 18 
May 2-34 
May 11 


6191 
4852 


May 6 
May 13 


* Although the difference in degree-hours between laboratory and 
field data may appear large this is not too significant. It is not at all 
uncommon to accumulate 500 or more degree-hours in one 24-hour 
period. 

+’ Based on 3837 for first emergence (table 2). 

© Based on 5475 for 50-percent emergence (table 2). 

4 No larvae found on May 1 but many on May 4. 


that would be required at this temperature for emer- 
gence to occur. Wagg did show that there was a 
close relationship between larval development from 
the third instar and accumulated degree-days but this 
was after the second-instar larvae had emerged. 
The nearest approach to this problem was the 
study by Rose and Blais (1954). They noted that 
in northwestern Ontario emergence of second-instar 
larvae was closely related to April and May tempera- 
tures, and that abundant emergence occurred after 
spring temperatures had risen to 60° F. However, 
marked variations in temperature preceding the rise 
showed a varying effect on the rate of emergence. 
If the preceding temperatures had been low and the 
rise to 60° F. was sudden, emergence was delayed ; 
if preceding temperatures had been high and the 
rise gradual, emergence followed almost immediately. 
Analysis of the data presented in this paper showed 
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that the period between the date when maximum tem- 
peratures reached 60° F. and the date of larval 
emergence ranged from 7 to 20 days. However, if 
we compare the degree-hours and their corresponding 
date given in table 3, we find the period between 
calculated and observed dates ranged from 1 to 2 
days—a much more reliable estimate. Of additional 
interest is the observation that the first evidence of 
larval activity in the field coincides very closely with 
the calculated 50-percent emergence date. 

The method proposed in this paper will make it 
possible, using regular thermograph records, to de- 
termine the approximate date when larval emergence 
will begin in the field. With this knowledge available 
a better timing of early season field schedules will be 
possible. 
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The Internal Anatomy of the Silverfish Ctenolepisma campbelli 
and Lepisma saccharinum (Thysanura: Lepismatidae)' 


CLYDE STERLING 


BARNHART, SR.’ 


ABSTRACT 


The several organ systems of these two species are de- 
scribed, compared, and illustrated. Differences were found 
in the tracheation of the eye, the disposition of vestigial 
stylal tracheae, and the absence in L. saccharinum of the 
ventral tracheal commissure of the eighth abdominal seg- 
ment. The digestive system follows a generalized plan, 
similar to that of Orthoptera. In C. campbelli, but not 
in L. saccharinum, the first five abdominal ganglia have 
migrated one segment forward, but each continues to 
innervate the segment from which it came, whether a 
tracheal connection with that segment is preserved or not; 
the different behavior of tracheae and nerves in relation 
to such migrated ganglia seems a result of the sequence 
of their formation in the embryo. In both species the 
dorsal vessel is pulsatile for its whole length, but little 
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or no peristalsis was observed; instead, systoles occur 
alternately in an anterior and a posterior chamber which 
are separated by a thoracic valve. Ten pairs of ostia 
were observed with difficulty through the transparent 
integument of living C. campbelli; probably those of 
L. saccharinum are similar. Pericardial cells were 
numerous in the former than in the latter species. Each 
ovary consists of five ovarioles, connected to a com- 
mon duct near the base of the ovipositor ; the spermatheca 
lies beneath the eighth abdominal ganglion and com- 
municates with the oviduct, ovipositor, and genital pore 
above the eighth sternite. Males have three pairs of testes 
on each side of the body, each pair discharging through 
a common vas efferens into a vas deferens which leads 
to one of the two seminal vesicles; and from this a long 
tube, with accessory glands apparently built into it, runs 
to the base of the aedeagus. Apical cells, not previously 
known in Thysanura, were found present in the testes. 
Histological sections of the aedeagus and its base pro- 
vide, for the first time, evidence for a paired origin of 
this organ in Apterygota. 


less 
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Silverfish are primitive in that they are wingless, 

offering no evidence that wings ever occurred in 
their ancestry, and have styli which are rudiments 
of abdominal appendages They are of special in- 
terest to workers on the phylogeny of the Hexapoda 
as they furnish probable evidence as to the nature 
of the ancestor of pterygote insects. 
(1935) described a hypothetical im- 
mediate ancestor of the Pterygota as having the body 
differentiated into head, thorax, and abdomen, with 
a series of three, partly overlapping, paranotal lobes 
projecting on each side of the body from the thoracic 
terga. Except for their lack of paranotal extensions, 
silverfish fit the description of Snodgrass’ hypotheti- 
cal ancestor of the pterygotes. 

Lepismatidae are considered by many to be the 
most advanced of the Apterygota (Little 1957). 
Furthermore, present forms are considered to have 
departed little from the condition of the forms which 
preceded winged insects (Crampton 1916). 

This study had for its purpose the exploration of 
the internal anatomy of two related Lepismatidae, 
to clarify further their position in insect phylogeny. 
It had its inception in 1947, as a study of the trachea- 
tion of a silverfish, collected from the main library on 
the Ohio State University campus, in the course on 
insect anatomy conducted by the late Professor C. H. 
Kennedy. He was impressed with the manner in 
which the tracheation could be traced in minute detail 
in so small an insect, and his interest and encourage- 
ment prompted the writer to continue the work and, 
later, to expand it into the present study. The author 
is sincerely grateful to him for his part in providing 
the original encouragement, and also to Dr. Donald 
J. Borror, Professor of Entomology, The Ohio State 
University, for his helpful guidance and suggestions 
in bringing the study to completion. 


Snodgrass 


MATERIALS AND METHODS 


The two species of silverfish used for this study 
were wild-caught, the supply being replenished as 
Ctenolepisma campbelli Barnhart 
tained readily by the simple expedient of placing a 
pinch of oatmeal beneath a board on the concrete 
floor in a corner of the room where they occur. The 
silverfish congregated beneath this board and were 
collected periodically. Lepisma saccharinum Linnaeus 
were caught by sifting through the floor litter in 
protected corners of two barns. As many as 20 
were taken from a hollow piece of corn stalk. 


needed. was ob- 


A separate laboratory culture jar, with oatmeal, 
a cotton plugged vial of water, and paper 
shelter, was provided for each species. 

An individual selected for dissection was anethe- 
tized with carbon dioxide and half embedded, by use 
of a heated needle, in a wax dissecting dish by melt- 
ing the wax around the insect body. 


some 


\ binocular dissecting microscope with three ob- 
jectives (1X, 3X, 6X) and three oculars (9X, 
12X, 15X) was used with as bright illumination as 
could be had without melting the dissecting-dish wax. 
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Glycerine was used as the dissecting fluid for 
tracheae and normal saline was used for the other 
organs. Tissues were differentiated by periodic flood- 
ing with a mixture of neutral red and methylene blue 
in saline. Excess stain and debris was washed away 
as necessary. Small scalpels, prepared by slivering 
thin razor blades (Kennedy 1932, p. 78), were very 
useful in dissection operations. 

The gross anatomy of both species was drawn from 
dissection of live material. 

For histological preparations, whole insects were 
fixed in boiling water (10 seconds) and Carnoy’s 
(1 hour), several punctures being made along the 
body. They were infiltrated with 50°-52° C. paraffin 
and embedded in 60°-62° C. paraffin. All sections 
were of whole insects at 10 microns. Staining with 
iron hematoxylin and eosin was effected by the use 
of the buffered alcohol technique of Craig and Wilson 
(1937). 

Histological sections were examined under a com- 
pound microscope using a 10X eyepiece, 1.8 mm., 4 
mm. and 16 mm., oculars. The details in all drawings 
of sections were those seen with the 1.8 mm. oil- 
immersion objective. Drawings were made with the 
aid of a camera lucida, the details being filled in 
freehand. 


THE RESPIRATORY SYSTEM 
(Figs. 1 and 2) 

Lehmann (1925) showed that the basic pattern of 
the tracheal system in insects has 10 pairs of inter- 
connected spiracles—a pair on the meso- and meta- 
thorax and the first eight abdominal segments. This 
arrangement (according to Lehmann) is normal for 
Thysanura (Lepismatidae), Odonata, Plecoptera, 
Orthoptera, and Isoptera, and may occur elsewhere as 
in Hymenoptera (Apis, larva). Lehmann 
showed that the tracheal system begins in the insect 
embryo as a series of spiracular pits segmentally ar- 
ranged. Kennedy (1922) discussed the development 
of the tracheal branches from these pits and demon- 
strated the homologies of these branches throughout 
the insect. Grassi (1887) showed that the tracheal 
system in an insect more primitive than Lepismatidae 
(Thysanura: Machilis) is a series of disconnected 
segmental systems. The tracheal systems in higher 
insects display varied modifications of the basic pat- 
tern of Lehmann, such as reduction in the number 
of spiracles (Cimex) (Weber 1933, p. 436), develop- 
ment of specialized structures as air-sacs (Musca) 
(Packard 1898, p. 457), and air-tubes (Culex) 
(Snodgrass 1935, p. 437). 

The respiratory systems in both silverfish, C. camp- 
belli and L. saccharinum, correspond remarkably to 
the basic tracheal pattern (Lehmann 1925) for in- 
sects, each having a pair of spiracles situated well 
forward on the mesothorax, a pair on the metathorax 
and a pair on each of the first eight abdominal seg- 
ments. 

Sule (1925, fig. 2) showed the tracheal system of 
Lepisma saccharinum in excellent detail. His draw- 


also 
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ing is referred to when making comparison to the 
tracheal system of L. saccharinum. 

The nomenclature used for the tracheal system of 
Ctenolepisma campbelli (figs. 1 and 2) follows 
Kennedy (1922). 

Head (fig. 1).—In both species the head (H) is 
tracheated by two cephalic dorsal branches (CDB) 
and two cephalic ventral branches (CVB) continu- 
ing from the dorsal and ventral forks of the pro- 
thoracic tracheal trunks (PT) arising from the 
spiracular pits (SP) of the mesothoracic spiracles 
(S). Each cephalic dorsal branch (CDB) rebranches 
on reaching the head; one branch (FT) proceeds 
towards the mid-dorsal area of the head; the other 
branch (AL) again divides, one division (A) ex- 
tending into the antenna, the other division (L) 
to the labrum. In C. campbelli, the cephalic ventral 
branch (CVB) bifurcates upon reaching the head, 
one fork (OM) branches to the eye (OB) and to the 
mandible (MB). The other fork proceeds ventrad, 
turns sharply towards the center and anastomoses 
with its partner to form the cephalic ventral com- 
missure (CVC). From each end of this commissure 
is a branch to the maxilla (MX) and one to the 
maxillary palpus (MP). The cephalic ventral branch 
(CVB) (upon reaching the head, and prior to bi- 
furcating) gives off a branch (LP) to the labial 
palpus. L. saccharinum differs in that a branch (not 


ABBREVIATIONS USED 


MNT 
MP 
MPT 
MS 
MT 
MTVC 


antennal 

asymetric connective 
anterior chamber 
anterior dorsal connective 
aedeagus 

accessory gland tube 
anterior intestine 
antenna-labrum 
adventitious membrane 
apical cell group 

alary strand 

abdominal ventral MZ 
basement membrane N 
columnar cell ND 
cephalic dorsal branch NV 
calyx OB 
circular muscle OE 
connective OM 
cercus ON 
cephalic ventral branch OST 
cyt6plasm OV 
dorsal arch OVD 
epithelium OVL 
egg follicle OVP 
femoral muscle 

frontal trachea 

ganglion 

gastric caeca 

germarium 

head 

intima 

labrum 

longitudinal muscle 

labial palpus 

leg trachea 

long ventral fork 

mandible 

muscle 


sure 
MV 
MVB 
MVC 
sure 


nucleus 
nidus 
nerve 


ostium 
ovary 
oviduct 
ovariole 


pedicle 


sure 
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mesenteron 
maxillary palpus 
malpighian tubule S 
mesothorax 

metathorax 

metathoracic ventral commis- 


metathoracic visceral branch 
metathoracic ventral branch 
mesothoracic ventral commis- 


maturation zone 


ocular branch 
gonapophyses segment 8 
ocular-mandibular 
gonapophyses segment 9 SV 


ovipositor 
prothorax 
pericardial cells 
posterior chamber 


posterior dorsal connective 
paranotal 

peritrophic membrane 
proctodeum 

pericardial sinus membrane 
prothoracic tracheal trunk X 
prothoracic visceral 

prothoracic ventral commis- 


proventriculus 
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found in C. campbelli) leads to the eye from the 
corresponding trachea (AL) of figure 1, and that 
the labial palpus is tracheated by a branch from the 
cephalic ventral commissure (Sulc 1927). 

Prothorax (fig. 1, P).—This segment is tracheated 
by branches from the two prothoracic tracheal trunks 
(PT), each of which extends forward from the 
corresponding spiracular pit (SP) on either side of 
the mesothorax (MS). Each prothoracic tracheal 
trunk, immediately on reaching the prothorax, gives 
off a small branch (PV) to the viscera (in C. camp- 
belli only). The prothoracic tracheal trunk divides 
near the center of the segment, forming the cephalic 
dorsal branch (CDB) and the cephalic ventral branch 
(CVB). Each cephalic dorsal branch extends a limb 
(PL) into its respective paranotum, then leads for- 
ward into the head. The cephalic ventral branch 
(CVB) gives rise to a short, forked branch near the 
center of the prothorax. One fork (LT) leads to the 
prothoracic leg and the other joins its partner, form- 
ing the prothoracic ventral commissure (PVC). 
Branching from each end of this commissure (PVC) 
a trachea (FM) leads to the femoral muscle of each 
prothoracic leg. 

Mesothorax (fig. 1, MS).—This segment is served 
by its own spiracles (S) and one asymmetric con- 
(AC) the metathorax. The meso- 
ventral commissure (MVC) is joined, at 


nective from 


thoracic 
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R rectum 

RG rectal gland 

S spiracle 

SCP secretory pore 
SG salivary gland 
SP spiracular pit 
Sr sperm cyst 
SPH sphere 

SPI 
SPM 


spine 

sperm 

SPR sperm receptacle 

Ses spermatheca 

ST spiracular trunk 
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STO stomodeum 
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T testis 

F terminal filament 
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D vas deferens 
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Fic. 1.—Tracheation of the head, thorax, and first abdominal segment of Ctenolepisma 
campbelli. 





Fic. 2.—Tracheation of the abdomen of Ctenolepisma campbelli. 
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its exact center, by the branch (AC) from either 
the right or the left metathoracic spiracular pit 
(SP)! A spiracular trunk (ST) rises dorsally from 
this pit and has two branches, the anterior dorsal 
connective (ADC) and the posterior dorsal connec- 
tive (PDC). The anterior dorsal connective appears 
to lead to the dorsal The posterior dorsal 
connective joins with the anterior dorsal connective 
of the metathorax forming an intersegmental dorsal 
arch (DA). 

Leading ventrad and caudad from each spiracular 
pit is a branch (VB) which branches first to the 
(LT), then to the mesothoracic 


vessel. 


mesothoracic leg 


femoral leg muscle (FM), then, by anastomosis with 
its partner, forms the ventral mesothoracic commis- 
sure (MVC). 

Metathorax (fig. 1, MT).—The spiracles of this 
segment (S) open into relatively short spiracular 
pits (SP). Three tracheae arise from each pit, the 


spiracular trunk (ST), the metathoracic ventral 
branch (MVB) and the visceral branch (MV). The 
spiracular trunk divides into the anterior (ADC) 
and posterior (PDC) dorsal connectives, which unite 
with the corresponding connectives of neighboring 
segments to form each intersegmental dorsal arch 
(DA). The metathoracic ventral branch (MVB) 
branches first to the leg (LT), then to femoral mus- 
cle (FM), then joins its partner to form the meta- 
thoracic ventral commissure (MTVC). Each vis- 
ceral branch (MV, and MV.), asymmetric in this 
segment, proceeds ventrad from its respective spiracu- 
lar pit (SP). The smaller branch (MV, ) bifurcates, 
each fork (VF) leading to the viscera. The larger 
branch (MV,.) divides, one fork (AC) uniting with 
the center of the mesothoracic ventral commissure 
(MVC), and the other fork (LVF) extending caudad 
into abdominal segment 1. In L. saccharinum fork 
LVF is comparatively short (Sule 1927). 

Abdomen (fig. 2).—Both C. campbelli and L. 
saccharinum have a pair of spiracles on each of 
abdominal segments 1 to 8. Each spiracle (S) leads 
into a spiracular pit (SP) from which arise two 
branches. One of these branches (AV) _ extends 
ventrad, meeting its partner to form the abdominal 
ventral commissure (VC) of each segment. In C. 
campbelli no ganglionic tracheae were found arising 
from the ventral commissure (VC) of segment 1. 
In segments 2 to 4 there are two close asymmetric 
ganglionic tracheal branches (G and G), one ex- 
tending cephalad along the midventral line into the 
next body segment and the other extending caudad 
only a short distance within its own segment. In 


segments 5 to 7, ganglionic tracheal branches (G 


found that the ratio of right- to left-handed 
campbelli is about one to one in both sexes. 
Grassi (1887, fig. 23) showed this same asymmetry in the more 
primitive thysanuran Nicoletea, and Sule (1927) did so in L. 
saccharinum. Wu (1923, p. 29, figs. 98-100) reported a poly- 
morphism in the mesothorax which occurred in 3 out of 78 
Vemoura (Plecoptera); in place of the usual ventral commissural 
cross, the trachea formed either two independent ventral com- 
missures or two independent longitudinal ventral connectives. 


8 The writer 
asymmetry in C. 
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and G) consist of a symmetric pair, spaced apart 
and extending caudad; those branches are longer in 
segment 5 than in segments 6 and 7, and extend into 
segment 7. 

In L. saccharinum each ventral commissure has 
four small branches near its center, two cephalad and 
two caudad, leading to abdominal ganglia 1 to 7. 

In C. campbelli each ventral branch (AV), as it 
extends ventrad, gives off a branch (STY) homolo- 
gous with the leg tracheae (LT) of the thorax. 
These are probably remnants of stylal tracheae. They 
are present in L. saccharinum (Sule 1927) but have 
apparently become diverted to the paratergites in 
segments 2 to 7 even though they consistently branch 
from the ventral commissures. 

Snodgrass (1931, p. 4) said, “No positive evidence 
can be adduced from the known facts of anatomy or 
embryology to establish the homology either of the 
stylus or the gonapophysis. Many structural inter- 
relationships however suggest that the stylus is the 
telopodite of the appendage and that the gonapo- 
physis is an endite process of the basis.’”’ Comstock 
(1925, p. 4) said that styli are vestigial legs in 
Thysanura. In Machilis (Thysanura) a pair of ab- 
dominal styli occur on each of segments 2 to 9 
(Comstock 1925, fig. 90). In L. saccharinum, a pair 
of styli occur on segments 8 and 9. In C. campbelli 
they occur only on segment 9, but the tracheae of 
vestigial styli on segments 1 to 8 are apparently re- 
tained (fig. 2, STY). In C. campbelli the tracheal 
branches to the maxillary palpi (fig. 1, MP), the legs 
(fig. 1, LT), the vestigial styli of segments 1 to 8 
(fig. 2, STY), the styli of segment 9 (fig. 2, STY), 
and the gonapophyses of segments 8 and 9 (fig. 2, 
OE and ON), all appear to be similarly branched 
from their respective ventral commissures (figs. 1 
and 2, VC), indicating the probable homology of 
these appendages. This is in accord with the em- 
bryological findings of Wheeler (1893). 

The visceral tracheae (VT) in C. campbelli arise 
from the spiracular pits (SP) in segments 3 to 6, 
but are vestigial or absent in segments 1, 2, and 7. 
The visceral tracheae, in L. saccharinum, occur in 
segments 1 to 7 similarly stemming from the spiracu- 
lar pits; these are conspicuously larger in abdominal 
segment 3. 

The spiracular trunks (ST) in C. campbelli stem 
directly from the spiracular pits in segments 1, 2 
and 7 only; they occur as branches of visceral 
tracheae (VT) in segments 3 to 6. The visceral 
tracheae in L. saccharinum stem regularly from their 
corresponding spiracular pits in segments 1 to 7. 
In both species each spiracular trunk (ST) extends 
dorsad and bifurcates in the usual manner into the 
anterior (ADC) and posterior (PDC) dorsal con- 
nectives forming (by anastomosis with their counter- 
parts of neighboring segments) their respective dor- 
sal arches (DA). 

In C. campbelli segment 8 bears the last pair of 
spiracles. Each spiracle in this segment leads into 
a very short spiracular pit (SP,); 2 branches lead- 
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ing from this pit supply segments 8 to 12.6 A ven- 
tral branch (AV,) extends ventrad and anastomoses 
with its partner to form the ventral commissure 
(VC). Two branches (G and G) extend cephalad 
from near the middle of the ventral commissure to 
abdominal ganglia 7 and 8 (fig. 22). Branching 
caudad near the center of the ventral commissure 8 
are two pairs of tracheae, the inner pair leading to 
the gonapophyses arising from segment 8 (OE), the 
outer pair branching inward to the gonapophyses 
arising from segment 9 (ON) then extending into 
the styli of that segment. Each spiracular trunk 
(STx) extends dorsad from the spiracular pit and 
divides into the anterior (ADC) and the posterior 
(PDC) dorsal connectives. The anterior dorsal con- 
nective unites with the posterior dorsal connective 
(PDC) ot segment 7, forming the intersegmental 
dorsal arch (DA) on either side. Each posterior 
dorsal connective (PDC) bifurcates in segment 9. 
The inner fork gives off two visceral tracheae (VT), 
then extends (TF) into the terminal filament. The 
outer fork branches to the anal lamina (AL) of seg- 
ment 12, then extends (CR) into the cercus. 

L. saccharinum differs from C. campbelli in the 
tracheation of segments 8 to 12 (Sule 1927). In 
L. saccharinum there is no ventral commissure in 
segment 8, the ventral branches leading only to either 
side of ganglion 8; the gonapophyses and styli of 
segments 8 and 9, cerci and terminal filament of seg- 
ments 9 to 11, and anal lamina of segment 12 are 
supplied by branches of a single pair of tracheae ex- 
tending caudad from the spiracular pits of segment 
8; the spiracular trunk extending dorsad from each 
spiracular pit has no posterior dorsal connective; 
and, in segment 8, two branches extend inward from 
each spiracular pit, a visceral branch (not found in 
C. campbelli) and one which Sule (1927) labeled 
“tr paratergalis.” 


THE ALIMENTARY CANAL 
(Figs. 3 to 21) 

The alimentary canal of L. saccharinum was de- 
scribed by Grassi (1887, fig. 33). Since his work 
did not include a detailed histology, L. saccharinum 
is included with C. campbelli in this study. 

The writer uses the terminology of Snodgrass 
(1935) for the parts of the alimentary tract. 

The alimentary canal in both species (figs. 3 and 
4) can be said to be generalized in that each is a 
relatively straight tube extending from the buccal 
cavity to the anus, and is little longer than the body. 
The alimentary canal is readily differentiated into 
stomodeum (STO), mesenteron (MENT), and proc- 
todeum (PR), having salivary glands (SG), proven- 
triculus (PVT), gastric caeca (GC), malpighian 
tubules (MPT), and rectal gland (RG) all well de- 
veloped. 


*Heymons (1897) demonstrated embryologically that segment 
10 in L. saccharinum has been combined with segment 11, bearing 
the cerci and the terminal filament. Segment 12 is represented by 
the supra-anal and subanal laminae. 
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The Stomodeum.—The stomodeum extends from 


the mouth to the cardiac valve at the junction of the 
proventriculus and mesenteron and includes the buc- 
cal cavity, pharynx, oesophagus, crop, proventriculus, 


and cardiac valve. 

Both species have chewing mouth parts equipped 
for the ingestion of solid food. The buccal cavity, 
pharynx, and the forward end of the oesophagus are 
in the head. The oesophagus on reaching the back 
of the head gradually enlarges, without differentia- 
tion, into the crop. 

The crop is the largest part of the entire alimentary 
canal. It extends half the body length in both species. 
It is usually distended by food in wild-caught speci- 
mens. The distended crop reaches its maximum width 
at the junction of the thorax and the abdomen. It 
then narrows rather sharply into the proventriculus. 
The crop is a muscular organ in which food is ap- 
parently retained for an extended period of time (1 
to 2 weeks in C. campbelli). Probably some diges- 
tion of food occurs in the crop. 
the distended crop can be seen to undergo more or 
less rhythmic churning by the contraction of its mus- 


In fresh dissections 


cular wall. 

Histological sections of the distended crop show 
little of the details of structure of its wall. The nearly 
empty crop, on the other hand, is histologically more 
informative (figs. 5 to 8). There are times when 
the crop contains only a viscous, brownish fluid, is 
collapsed, and becomes nearly a straight tube. Empty- 
ing the crop of solid food apparently occurs prior to 
ecdysis. 

The cuticular intima of the crop bears spines (figs 
5 and 6, INT and SPI) in both species. They are 
visible only under the oil-immersion objective and 
consistently point caudad. Spines were seen only in 
longitudinal sections, being sparse near the anterior 
end of the crop and becoming gradually more nu- 
merous near the proventriculus. They appear to be 
more numerous in C. campbelli (fig. 5) than in 
L. saccharinum (fig. 6); both figures are from the 
same general area of the crop wall (i.e., approxi- 
mately midway between the oesophagus and _ the 
proventriculus). Similar but more numerous spines 
are reported in the crop of the Carolina grasshopper 
by Tietz (1923). To the writer’s knowledge they are 
not previously reported in Thysanura. 

The Proventriculus—lIn both C. campbelli and L. 
saccharinum the proventriculi (figs. 3 and 4, PVT) 
are similar structures, closely resembling the proven- 
triculus of the Oriental cockroach (Eidmann 1924). 
Like the cockroach, both C. campbelli and L. sac- 
charinum have the proventriculus differentiated from 
the crop into a muscular organ with an anterior part 
armed internally with six inwardly directed sclero- 
tized teeth and a posterior part provided with six 
spiny cushions. A histological section of the muscu- 
lar wall of the proventriculus near the posterior base 
of the teeth is shown in figure 9 for C. campbelli 
and in figure 10 for L. saccharinum. 

In L. saccharinum the cardiac valve is essentially 
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Fic. 3.—Gross anatomy of the alimentary canal of Ctenolepisma campbelli. Fic. 4.— 
Same, of Lepisma saccharinum. Fic. 5.—Longitudinal section of the crop wall in 
C. campbelli. Fic. 6—Same, in L. saccharinum. Fic. 7—Cross section of the crop 
wall in C. campbelli. Fic. 8—Same, in L. saccharinum. 
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Fic. 9—Cross section of the proventricular wall in Ctenolepisma campbelli. Fic. 10—Same, 
Fic. 11.—Cross section of mesenteron wall of C. campbelli. Fie. 12. 
Fic. 13.—Cross section of wall of rectum of C. campbelli. Fic. 14 

~, campbellt 
gland of 


in Lepisma saccharinum. 


—Same of L. saccharinum. 
—Same, of L. saccharinum. Fic. 15—Cross section of a malpighian tubule of ( 
Fic. 16—Same, of L. saccharinum. Fic. 17.—Longitudinal section of the rectal 


C. campbelli. Fre. 18—Same, of L. saccharinum. 
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a funnellike, contractile process projecting into the 
mesenteron from the posterior end of the stomodeum. 
Inside the valve are six folds which apparently effect 
the closure of the valve on contraction. 

The Mesenteron—(figs. 3 and 4, MENT). In 
C. campbelli (fig. 3) and L. saccharinum (fig. 4) the 
mesenteron is a tubelike structure which connects the 
proventriculus (PVT) with the anterior intestine 
(Al). The gastric caeca (GC) are conspicuous en- 
largements at the anterior end of the mesenteron 
which completely surround the cardiac valve and 
often extend forward and lie against the proventricu- 
lus. In both C. campbelli and L. saccharinum the 
gastric caeca vary in size from the usual condition 
(figs. 3 and 4, GC) to a reduced nonbranched, dough- 
nutlike process in L. saccharinum or a nine-fingered 
rosette in C. campbelli. 

Histologically the gastric caeca in both C. camp- 
belli and L. saccharinum display the same cellular 
structure, being continuous with the remainder of 
the mesenteron. Diagrams of the appearance of the 
cells of the mesenteron in cross section are shown 
for C. campbelli in figure 11 and for L. saccharinum 
in figure 12. In both species the cells are columnar, 
though indistinct (figs. 11 and 12, CC). The inner 
ends of the epithelial columnar cells in C. campbelli 
show a striated border which is not seen in L. sac- 
charinum. In both C. campbelli and L. saccharinum, 
the cytoplasm appears granular. The nuclei in the 
columnar cells (figs. 11 and 12, N) are centrally, or 


slightly more distally, located. In C. campbelli there 
appears to be a secretory pore (fig. 11, SCP) in the 
area of the striated border in a columnar cell. Just 
beyond this at the peritrophic membrane is shown a 


round object which could be a secretory sphere 
(SPH) such as occurs in odonate larvae (Needham 
1897), and in the posterior region of the mesenteron 
of Collembola (Folsom and Welles 1906). 

Snodgrass (1935, p. 363) and Needham (1897) 
stated that the appearance of the epithelial cells of the 
mesenteron varies greatly according to the state of 
the digestive processes. Differences in the histology 
of the digestive cells of C. campbelli and L. sac- 
charinum (as shown in figs. 11 and 12) are probably 
of no real significance since selection of comparable 
states of the digestive processes was not attempted 
in sectioned individuals. 

Regular columns of epithelial cells are interrupted 
at intervals by aggregates of replacement cells called 
nidi. The nidi are spaced about 12 cells apart in 
C. campbelli (fig. 11, NID) and about 6 cells apart 
in L. saccharinum (fig. 12, NID). Nuclei of the 
nidi are easily seen but the cell walls are not distinct 
in either C. campbelli or L. saccharinum. The nidus 
gives rise to regenerative cells which replace the 
columnar secretory cells (Snodgrass 1935, p. 363). 

In both C. campbelli and L. saccharinum the epi- 
thelial cells appear to be uniform in_ structure 
throughout the mesenteron, and slightly longer in the 
gastric caeca. 

The peritrophic membrane (figs. 11 and 12, PM) 
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occurs in both species, forming an envelope surround- 
ing the food in the mesenteron. Its condition is 
probably related to the state of the digestive proces- 
ses. 

The basement membrane (figs. 11 and 12, BM) 
forms the sheath surrounding the epithelial cells and 
nidi. It serves as the base for epithelium and is the 
point of contact for the muscular network surround- 
ing the mesenteron. The musculature of the mesen- 
teron lies against the basement membrane in both 
species. The longitudinal muscles (figs. 11 and 12, 
LMCL) lie outside the more numerous circular 
muscles (CMCL). 

The Proctodeum.—This portion of the alimentary 
canal connects the mesenteron to the anus. In both 
C. campbelli and L. saccharinum the proctodeum con- 
sists of the malpighian tubules (figs. 3 and 4, MPT), 
the anterior intestine (figs. 3 and 4, AI), the rectum 
(figs. 3 and 4, R) and the rectal gland (figs. 3 and 
4, RG) which surrounds the rectum at the anus. 

The malpighian tubules (figs. 3 and 4, MPT) are 
four in number in both species and have their in- 
sertion just anterior to the constriction marking the 
beginning of the anterior intestine (figs. 3 and 4, 
\T). 

Malpighian tubules in both C. campbelli and L. 
saccharinum may be seen in motion in fresh dissec- 
tions in saline. In C. campbelli the tubules are about 
equal to the body in length while in L. saccharinum 
they are about twice the length of the body. They 
are slightly brownish in color in both species and 
become tapered near their free ends, becoming nearly 
transparent. The malpighian tubules are tracheated 
in both species by four tracheal branches from the 
mesenteron, one branch following each tubule to its 
end. 

The malpighian tubules in cross section appear as 
thick-walled tubes in both species (figs. 15 and 16). 
In C. campbelli cell walls and nuclei stain lightly 
(fig. 15, W and N). In L. saccharinum there is no 
cell-wall differentiation and the nuclei stain 
densely (fig. 16, N). 

From external appearances there is no pylorus in 
either species to mark the junction of the mesenteron 
with the anterior intestine. Histological 
however, show that in L. saccharinum the mesenteron 
actually projects, funnellike, into the anterior intes- 
tine and that the malpighian tubules penetrate both 
the anterior intestine and the mesoderm. The pyloric 
valve appears to be mesodermal, being an internal 
mesodermal closure. This differs from the condition 
in Collembola (Folsom and Welles 1906) and in the 
Carolina grasshopper (Tietz 1923), which have the 
pyloric closure of proctodeal tissue. Snodgrass (1935, 
p. 377) mentioned the projecting mesenteric epi- 
thelium forming the pyloric (ventricular) valve as 
being known but gives no example. Cox (1939) 
stated that in the blackfly Simulium, epithelium of 
the mesenteron forms the pyloric valve. 

The anterior intestine in both C. campbelli (fig. 
3, AL) and L. saccharinum (fig. 4, AI) is a simple 


very 


sections, 
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tube showing no differentiation into parts. It leads 
from the mesenteron to the rectum without diver- 
ticula (other than malpighian tubules). Histologi- 
cally the anterior intestine and rectum of both C. 
campbelli (fig. 13) and L. saccharinum (fig. 14) 
are very similar. Each is made up of a layer of 
circular muscles (CMCL) and a few longitudinal 
muscles lying inside the circular muscles (LMCL). 
The epithelium is a convoluted, padlike thickening 
of the wall which forms six lobes reaching nearly 
to the center. Some nuclei in the epithelium of 
C. campbelli (fig. 13, N) are rounded and some are 
angular in outline, while in L. saccharinum (fig. 14, 
N) they are nearly all rounded. The cuticular intima 
shows sharp folds in C. campbelli (INT), while in 
L. saccharinum the cuticular intima is smooth. The 
basement membrane (BM) lies between the intima 
and the muscular tissue in both species. 

The rectal gland (figs. 3 and 4, RG) in both C. 
campbelli and L. saccharinum is shown in histologi- 
cal longitudinal section in figures 17 and 18 respec- 
tively. It is similar in both species, having much 
convoluted epithelium (figs. 17 and 18) with few 
scattered nuclei, and (like the anterior intestine and 
rectum) has no cells differentiated. There are two 
valves associated with the rectal gland, one at the 
anterior portion of the gland (figs. 17 and 18, VLV), 
the other being the anus. The cuticular intima (figs. 
17 and 18, INT) is continuous from the rectum 
through the rectal valves to the anus. The valves 
(figs. 17 and 18, VLV) are actuated by sphincter 
muscles (CMCL). In a living C. campbelli the 
rectal gland was observed to be in a state of fairly 
rapid churning movement. Rectal glands are organs 
about which little is known (Snodgrass 1935, p. 381). 

The salivary glands occur in both C. campbelli 
(fig. 3, SG) and L. saccharinum (fig. 4, SG) as 
lobed organs in the head and thorax. They are nearly 
colorless and have a very delicate covering mem- 
brane, making them difficult to find by dissection. 
Snodgrass (1935, p. 154) said that since the function 
of “salivary glands” is variable, and in most in- 
sects poorly known, the term labial glands would be 
more appropriate. Histologically the salivary glands 
in both C. campbelli (figs. 19 and 20) and L. sac- 
charinum (fig. 21) are complex. 

Figures 19 to 21 are of comparable forward head 
lobes of the salivary glands of three individuals. The 
figures represent the microscopic fields using the 1.8 
mm. oil-immersion objective and the 10X ocular. 

Figures 19 and 20, which are of two individuals 
of C. campbelli, show a wide difference in appear- 
ance of the salivary glands in one species. The large 
number of spheres in figure 19, compared to the 
small number of spheres in figure 20 (SPH), sug- 
gests a cyclic (or mass discharge) function of these 


Fic. 19.—Section of a salivary-gland lobe of Cteno- 
lepisma campbelli. Fic. 20.—Same, from another indi- 
vidual of C. campbelli. Fic. 21—Same, of L. sacchar- 
mum, 
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glands, associated perhaps with the cycles of diges- 
tion related to ecdycis. The relatively more numerous 
and much smaller spheres in the salivary glands of 
L. saccharinum (fig. 21, SPH) indicate a probable 
difference in structure between species. 


THE CENTRAL NERVOUS SYSTEM 

(Figs. 22 and 23) 
In C. campbelli (fig. 22) and in L. saccharinum 
(fig. 23) the central nervous system 
brain (BR) and suboesophageal ganglion 
the head, a ganglion in each thoracic segment, and 


consists of a 
(G) in 
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Same, in Lepisma saccharinwm. 
indicate segmental innervations 


[ Vol. 54 


eight abdominal ganglia (G, 1 to 8) all intercon- 
nected by two longitudinal cords, the connectives 
(figs. 22 and 23, CN). In addition there are nerves 
(figs. 22 and 23, N) which radiate from the ganglia 
to the various parts of the body. 

The number of ganglia in the ventral nerve cord as 
found in C. campbelli and L. saccharinum represents 
a primitive condition in the class Hexapoda, no in- 
sect ever having more except in the embryo (Schro- 
der 1928, fig. 40). Weber (1933, p. 256) stated that 
the primary number of ganglia in the insect embryo 


is 20. 


— 


Gross anatomy of the central nervous system in Ctenolepisma campbelli. Fic. 23.— 
Arrows indicate 


sources of tracheation, and dotted lines 





1961] 3ARNHART: INTERNAL 


In figures 22 and 23 the arrows represent sche- 
matically the paths of the tracheae from the spiracles 
at the outer margins of the segments to the ganglia. 
The dotted lines represent schematically the nerve 
connections of the body segments to the ganglia. 

The usual change which takes place in the ventral 
nerve cord as insects have evolved to higher forms 
has been a reduction in the number of ganglia by 
coalescence. In the Carolina grasshopper, for ex- 
ample, there remain only five abdominal ganglia (4 
to 8), abdominal ganglia 1 to 3 having united with 
the ganglion of the metathorax (Snodgrass 1935, p. 
477 and fig. 247). said that 
when a ganglion migrates, it continues to innervate 
consistently the segment from which it had its origin. 
“Hence (said Snodgrass) morphologically, a gang- 
lion should be numbered according to the segment 


Snodgrass (loc. cit.) 


it innervates.” 

ie t.: 
migration of ganglia. 
home segment, innervates that segment, and receives 
its tracheation from the ventral commissure (if pres- 
ent) of that (Sule 1937). The central 
nervous system of L. saccharinum was figured by 
Hilton (1917). He did not show the placement of 
the ganglia relative to body segmentation. 

In C. campbelli (fig. 22) there has been a forward 
migration of ganglia. Abdominal has 
migrated forward into the metathorax where it lies 
partly fused to the metathoracic ganglion. It is 
tracheated by a branch from the ventral commissure 
of the metathorax. This ganglion innervates abdomi- 


(fig. 23) there has been no 


Each ganglion lies within its 


saccharinum 


segment 


ganglion 1 


nal segment 1. 

Abdominal ganglia 2 to 5 have each migrated 
forward one segment so that they lie within 
ments 1 to 4, respectively. The ventral commissure 
of segment 2 has tracheal branches leading to ab- 
The ventral commissure 


seg- 


dominal ganglia 2 and 3. 
of segment 3 has tracheal branches leading to ab- 
dominal ganglia 3 and 4. The ventral commissure of 
segment 4 has tracheal branches leading to abdominal 


Abdominal ganglia 2 to 5 
s ? 


ganglia 4 and 5. con- 
tinue to innervate segments 2 to 5. 

Abdominal ganglia 6 to 8 have not migrated; each 
is tracheated by branches of the ventral commissure 
of its own segment and each innervates its own seg- 
ment. Abdominal ventral commissure 8 however, has 
(in addition) tracheal branches extending cephalad 
to abdominal ganglion 7. 

The changes in relationship of 
nerve, and tracheal connections to migrating ganglia 
campbelli (fig. 22) and 
saccharinum there 


body segments, 
are seen by comparing C. 
L. saccharinum (fig. 23). In L. 
is no migration of ganglia and each segment is in- 
nervated by, and tracheates, its own ganglion. In 
C. campbelli migration of ganglia has taken place: 
the nerve connection between body segment and re- 
moved ganglion is maintained, but the tracheation 
suffers change. A trachea may desert a migrated 
ganglion (the trachea of segment 1). A _ trachea 
may branch to a ganglion not previously served by 
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it but which has moved into the neighborhood (the 
trachea of the metathorax serving abdominal ganglion 
r): 

The nervous system and the respiratory system are 
both of ectodermal origin. The central nervous sys- 
tem is laid down at an early period in the embryo, 
each ganglion establishing its segmental connections 
before migration and coalescence takes place. The 
tracheal system is formed at a later period in the 


embryo, either concurrent with or subsequent to 


migration and coalescence of the ganglia. Thus the 


mechanism of the changes in the relationship of body 
segments, nerve, and tracheal connections to migrat- 
ing ganglia as exemplified by C. campbelli (fig. 22) 


can be explained on the basis of known facts. 


THE DORSAL VESSEL 
(Figs. 24 to 32) 
The dorsal vessel in C. campbelli (fig. 24) and 
L. saccharinum (fig. 25) reaches from the tip of the 
abdomen to the base of the brain in the head. 

Snodgrass (1935, p. 399) indicated that the division 
of the dorsal vessel into heart and aorta is usually 
on the basis of pusatile and nonpulsatile portions re- 
spectively. He further stated that, at best, the dis- 
tinguishing features of heart and aorta are difficult 
to define. In C. campbelli and L. saccharinum the 
dorsal vessel is pulsatile throughout its length. The 
body fluid flows cephalad in a continuous stream, 
and apparently is not interrupted by any phase of 
the pulsatile cycle. The diastolic phase of the pulsa- 
tion is comparatively rapid, while the systolic phase 
of the pulsation is comparatively slow. 

In both species there appears to be a_ flaplike 
thoracic valve (TVL) (seen only during pulsations ) 
which divides the entire dorsal vessel into an anterior 
chamber (ACH) and a posterior chamber (PCH). 
In C. campbelli, this valve is in the posterior part of 
the prothorax, and, in L. saccharinum is near the 
center of the mesothorax. When the posterior 
chamber i in systole, the thoracic valve is open and 
the anterior chamber is in diastole; when the pos- 
terior chamber is in diastole, the thoracic valve is 
closed and the anterior chamber is in systole. This 
mechanism of the insectan heartbeat cycle is not re- 
corded elsewhere, to the writer’s knowledge. 

Even though the posterior chamber of the dorsal 
vessel in C. campbelli and L. saccharinum appears 
to be subchambered more or less corresponding to 
body segmentation, the posterior chamber contracts 
as a unit, there being no (or very slight) peristalsis. 

Grassi (1887) showed the dorsal vessel of Japyx 
as being open on the posterior end. In C. campbelli 
and L. saccharinum the posterior end of the dorsal 
vessel appears to be closed. In histological sections, 
the terminus of the dorsal found to lie 
above the rectal gland near the extreme tip of the 
Figure 30 shows a section of the dorsal 
campbelli near the posterior tip and 
(in the same individual) the most 


vessel was 
body cavity. 
vessel of C. 
figure 31 
posterior section in which the dorsal vessel appears. 


shows 





ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 





| 
| 


7 


sli is Fecal 


{ 
— 


PSM 


Fic. 24.—Gross anatomy of the dorsal vessel in Ctenolepisma campbelli. Fic. 25—Same, in Lepisma 
saccharinum. Fic. 26.—Cross section of dorsal vessel in C. campbelli. Fic. 27,—Same, in L. sacchari- 
num. Fic. 28.—Ostium in open position (a) and in closed position (b) in dorsal vessel of C. campbelli 
(diagrammatic). Arrows indicate direction of fluid flow. Fic. 29—Gross anatomy of pericardial cells 
of the dorsal vessel in segments 2 and 3 of L. saccharinum. Fic. 30.—Section near posterior tip of dorsal 
vessel in C. campbelli. Fic. 31—Section of the posterior tip of dorsal vessel in C. campbelli. Fic. 32.— 
Penultimate serial section of the posterior terminus of the dorsal vessel of L. saccharinum. 
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The penultimate serial section of the posterior of 
the dorsal vessel in L. saccharinum is shown in 
figure 32. According to Snodgrass (1935, p. 401) the 
posterior end of the dorsal vessel is generally closed. 

Histologically, the dorsal vessel in both species 
(figs. 26 and 27) shows a striated muscular wall 
(W). Snodgrass (1935, p. 401) said that contrac- 
tions of the heart are “ undoubtedly produced 
by the muscles of the heart walls.” The intima (figs. 
26 and 27, INT) forms the lining of the dorsal ves- 
sel and an adventitious membrane (AM) forms an 
outer sheath. The pericardial sinus membrane (figs. 
26 and 27, PSM) separates the dorsal vessel from the 
body cavity. 

Due to the difficulties inherent in 
the dorsal vessel in L. saccharinum, the ostia (which 
are no doubt present) were not The 
vessel of C. campbelli, on the other hand, was ob- 
served without dissection due to the unusual trans- 
By confining the insect 


dissection of 


seen. dorsal 


parency of the body wall. 
between the concavites of two microscope slides, 
ostia (figs. 24 and 28, OST) in the pulsating heart 
ot C. campbelli were seen. The ostia are extremely 
thin, paired, pocketlike valves. They open (fig. 28-A ) 
at the beginning of diastole and close (fig. 28-B) at 
the beginning of systole. The arrows in figure 28 in- 
dicate the direction of fluid movement. 
Ostia in C. campbelli (fig. 23, OST) 
in the heart chamber of the mesothorax, the meta- 
thorax, and the first eight abdominal segments. 
Pericardial cells occur typically in the pericardial 
sinus, where they form masses or strands on either 
side of the heart (Snodgrass 1935, p. 415). They 
are believed to be excretory in function since they 
precipitate carmine in their cytoplasm (Snodgrass 
1935, p. 415). In C. campbelli the pericardial cells 
(fig. 24, PC) occur in paired groups lying directly 
on the walls of the dorsal vessel and the fat body of 


were seen 


the pericardial sinus. They occur more or less near 
the ostia and thoracic valve of the dorsal vessel. 

The pericardial cells in Lepisma saccharinum were 
described by Bruntz (1908, figs. 11 and 12) as closely 
associated with the dorsal vessel. Hollande (1922) 
considered these cells to have an important physio- 
logical function in that they have the property of oc- 
cluding colloids such as india ink, and of precipitating 
amoniacarmine. Hollande believed they convert col- 
loids into crystalloid compounds which are trans- 
ferred by the blood to the malpighian tubules where 
they are excreted. 

A remarkable clustering of these cells occurs 
throughout the dorsal vessel in some individuals of 
LL. saécharinum. These thickly clustered cells are 
shown in figure 29 for abdominal segments 2 and 3 
in such an individual. They cluster on either side of 
the heart wall, even spanning the heart at the point 
of attachment of the alary strands. 


THE REPRODUCTIVE ORGANS 
( Figs. 33 to 54) 


Mating in Thysanura was observed by Spencer 
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(1930). He described the process of primitive fer- 
tilization in Thermobia domestica (Packard) (Lepis- 
matidae) in which a spermatophore is discharged 
by the male and picked up by the female after a 
prolonged “love dance.” Probably sperm transfer 
from male to female is accomplished in C. campbelli 
and L. saccharinum by a similar procedure. 

The internal reproductive organs in L. saccharinum 
have been described in limited detail (Packard 1898, 
figs. 458-9; Schroder 1928, p. 481; Weber 1933, figs. 
445a; and Grassi 1897, fig. 41). L. 
included, however, in this study. 

The Female (figs. 33 to 37, 41 and 42).—The 
ovaries in C. campbelli (fig. 33, OV) and in L. 
charinum (fig. 34, OV) are paired organs lying on 
either side of the abdomen. Each ovary consists of 
five follicular egg tubes (ovarioles) (OVL) of the 
panoistic type, there being no special nurse cells 
present. Each ovariole is attached by a pedicel (PCL) 
to a common tube, the calyx (CLX) which in turn, 
becomes the oviduct (OVD) which is attached on 
either side of the spermatheca (SPT) at the base of 
the ovipositor (OVP). Marked differences between 
species are that the oviduct is much longer in ( 
campbelli, and the calyx is more specialized in L. 
saccharinum (figs. 33 and 34, OVD and CLX). 

Each ovariole contains a number of egg follicles 
(EF) of different sizes, the largest being at the 
pedicel. The follicles become progressively 
anteriorly, and end in the terminal filament (TF). 
C. campbelli has a small number of egg follicles which 
taper rather abruptly into the terminal filament 
(figs. 33 and 41, EF and TF). L. saccharinum has 
a larger number of egg follicles which 
gradually into the terminal filaments (figs. 34 and 
42, EF and TF). 

The terminal filaments of an ovary in each species 
are attached in a cluster at a single point near the 
thorax. The nuclei extend into the terminal filaments 
(perhaps to their ends) (figs. 41 and 42, N). 

The spermatheca (figs. 33 to 36, SPT) is an oval 
organ which lies ventrad of the ganglia of abdominal 
segments 7 and 8. Figures 35 and 36 are of sections 
made longitudinally through the exact center of the 
insect. Figures 35 and 36 are slightly schematic in 
that the oviduct (OVD) is shown inserted from the 
top, instead of from both sides as it actually occurs. 
The spermatheca was called “bursa copulatrice” by 
(1887) and “Eiergang plus Vagina” by 
Weber (1933, p. 479). Structurally, the spermatheca 
in each species appears not to be accessible to copu- 
lation and not to be so oriented as to be a passageway 
for the eggs. Active sperm were found, by dissection, 
in the spermatheca of C. campbelli. It is highly 
probable the spermatheca in L. saccharinum 
contains sperm. 

The path taken by the sperm in their transmission 
to the spermatheca is probably through the duct 
opened by the downward movement of the eighth 
sternite (figs. 35 and 36, ST,). The writer terms 
this duct the sperm receptacle (SPR). It is probably 
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Fic. 33.—Gross anatomy of the female reproductive organs of Ctenolepisma campbelli. Fic. 
34.—Same, of Lepisma saccharinum. Fic. 35.—Sagittal section of posterior end of abdomen of 


female C. campbelli. Fic. 36—Same, of L. 
this device which enables the female to pick up and 
retain the spermatophore. 

The Male (figs. 37 to 40 and 43 to 54).—The re- 
productive organs of the male are more complex than 
those of the female. 

Three pairs of testes occur on each side of the ab- 


domen (figs. 37 and 38, T). Each pair is connected 


saccharinum. 


by the vas efferens (VE) to a common duct, the vas 
deferens (VD), which enlarges posteriorly into an 
oval seminal vesicle (SV) that serves as a reservoir 
for sperm. 

From the seminal vesicle on each side of the ab- 
domen, the sperm tube (vas deferens) folds variously, 
enlarges into accessory gland tubes (AG), and is 
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Fic. 37.—Gross anatomy of the male reproductive organs of Ctenolepisma campbeilli. F1G. 38 
-Same, of Lepisma saccharinum. Fic. 39-—Longitudinal section of a testis of C. campbelli 
Fic. 40.—Same, of L. saccharinum 
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Fic. 41.—Section of the tip of an ovariole of Ctenolepisma campbelli. Fic. 42—Same, of Lepisma saccharinum. 
F'1G. 43.—Cross section of a seminal vesicle of C. campbelli. Fic. 44—Same, of L. saccharinum. Fic. 45.—Section 
of the apical cell group in the testis of C. campbelli. Fic. 46—Cross section of a glandular reproductive 
tube in male L. saccharinum. Fic. 47.—Cross section of a vas efferens of C. campbelli. Fic. 48—Same, of L. sac- 
charinum. F1G. 49.—Cross section of a vas deferens of C. campbelli. Fic. 50—Same, of L. saccharinum. Fic. 51.— 
Cross section of a glandular reproductive tube in male C. campbelli. Fic. 52—Same, in L. saccharinum 
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attached at the base of the aedeagus (AED) which 
arises from the posterior margin of abdominal stern- 
ite 8. 

The arrangement of the last paired loops of the 
accessory glands is not bilaterally symmetrical. The 
loop on the right is inserted beneath abdominal gang- 
lion Gg and the corresponding loop on the left lies 
above the ganglion. 

The difference in gross anatomy between species 
is small. In C. campbelli the length of the internal 
male organs is about twice that of the body, while 
in L. saccharinum the length approximately equals 
that of the body. 

The testes in both 
fresh dissections, except for a white opacity mark- 
sperm near the vas 


species are transparent in 


ing the presence of mature 
efferens. 

Histologically, the testes (figs. 39 and 40) show a 
marked difference in appearance in the two species. 
The essential difference lies in the number and ar- 
rangement of the maturing germ cells. The germ 
cells in C. campbelli appear fewer in number and are 
larger than in L. saccharinum. In both species the 
germ cells in the germarium (GM) appear as nuclei 
only. They appear as cells in the zone of growth 
(ZG). 

In the maturation zone of the testis (figs. 39 and 
40, MZ) C. campbelli apparently matures a single 
sperm cyst (SPC) at a time while in L. saccharinum 
several are matured simultaneously. 

The cell (which Snodgrass terms 
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Fic. 53.—Selected serial cross sections from the vicin- 
ity of the base of the aedeagus in Ctenolepisma campbelli. 
A, aedeagus; B, same, 604 cephalad of A; C, body 
wall, 40“ cephalad of B: D, 50 cephalad of C. Fic. 54.— 
Selected serial cross sections from base of the aedeagus 
in Lepisma saccharinum. A. aedeagus; B-D, consecutive 
104-sections through the body wall at base of aedeagus, 
B being 110 cephalad from A; D, accessory gland 
tubes. 
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the “apical cell’) is found near the tip of each testis 
as a small group of specialized cells (figs. 40 and 45, 
APG). According to Carson (1945), these are com- 
mon in the Orthoptera, but they have never been re- 
ported in Thysanura. 

The seminal vesicles have muscular 
43 and 44, MCL) and contain granular substrate and 
sperm. In C. campbelli (fig. 43) the seminal vesicle 
appears to contain disoriented sperm (SP) while the 
sperm in the seminal saccharinum 
(fig. 44, SP) appear to be oriented, probably due to 
attachment of the sperm in bundles. 

Histologically, the vasa efferentia and vasa deferen- 
tia, bear slight resemblance to each other, either with 
in a species or between species (figs. 47 to 50). They 
differ in number and nuclei (N), 
relative density of cytoplasm (CYT), and relative 
external and internal dimensions of the whole tube 

Histologically, the accessory glands (figs. 46, 51 
and 52) present a most varied appearance, being ap- 
parently “built-in” to the relatively large accessory 
gland tubes (AG). It is probably in these glandular 
tubes that the sperm are prepared for transfer to 
the female. The accessory gland tubes in both species 


walls (figs 


vesical of L. 


arrangement ot 


are made up predominantly of reticular tissue sucl 

as shown in figure 46 for L. saccharinum. 

Figures 51 and 52 are examples of the histology 
of the accessory gland tubes (figs. 37 and 38, AG) 
from the same relative position (X) in C. campbelli 
and L. saccharinum respectively. 

Snodgrass (1935, pp. 583-5), in discussing male 
genitalia with paired gonapores, included the Pro- 
tura, Ephemerida, and Dermaptera only, and _ said 
there is no suggestion of a double origin of the penis 
in any of the apterygote insects. Figure 53 shows, 
in C. campbelli, the continuity of a pair of orifices 
from the internal accessory gland tubes (D) out- 
ward through the body wall (C) and continuing to 
the tip of the aedeagus (B and A). A similar group 
of cross sections is represented for L. saccharinum in 
figure 54, A to D, differing from C. campbelli in 
having a single body wall opening (B). These find- 
ings would seem to establish a probable double origin 
for the aedeagus in the Apterygota. 
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ABSTRACT 


Results are presented on observations of the life cycle 
and biology of the chigger mite, Trombicula akamushi 
(Brumpt) reared under constant environmental condi- 
tions in the laboratory. The entire life cycle required 
46 to 72 days, and data on the development of the 
various stages are presented. Observations made on 
the subsequent development of groups of larvae which 


In the areas of Japan where scrub typhus (tsutsuga- 
mushi disease) is endemic, the native population long 
believed that the disease was caused by a mite. Sub- 
sequent studies in Japan, covering the etiology and 
epidemiology of the disease, which are reviewed by 
Blake et al. (1945), established that the disease was 
caused by a rickettsia but transmitted by a chigger 
mite, Trombicula akamushi (Brumpt). However, 
Blake et al. (1945) emphasized that the experimental 
work with mites in relation to scrub typhus in Japan 
from 1899 to 1918 was done without taxonomic classi- 
that the term for mite, “mushi” or 
the literature of this 


fication and 


“akamushi,” in was 


period 
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»f such products as may be named 


had been fed on rodents or on chicks indicated that 
engorgement on the former led to more rapid de- 
velopment. Of particular interest were observations made 
on sex determination, which indicated that while some 
females produced both male and female offspring, most 
females produced offspring of only one given sex. 


indefinite with reference to species. In their recent 
monograph of the Japanese trombiculid mites, Sasa 
and Jameson (1954) listed 31 species of the genus 
Trombicula. They assigned 17 species, in addition to 
T. akamushi, to the subgenus Leptotrombidium. Ot 
these 17 species at least 7 are known to coexist in the 
classical scrub-typhus endemic areas of Japan. Thus, 
the early works of Nagayo et al. (1916, 1917), Kawa- 
mura and Yamaguchi (1916), and Miyajima and 
Okumura (1916, 1917) referred to chigger mites of 
uncertain identity, although it is probable that much 
of the work was done with T. akamushi. Later, 
Nagayo et al. (1921) distinguished five species of 
Trombicula, more clearly defined 7. akamushi, pre- 
sented data on larval, nymphal and adult morphology 
of 7. akamushi, on the seasonal prevalence of this 
species, and on its host range. More recently, Sasa 
and Miura (1953) have described laboratory studies 





1961] 


on the life history of 13 species of Trombicula in- 
cluding 7. akamushi; however, their studies on 7. 
akamushi were limited to only 8 specimens. 

More comprehensive laboratory studies on the 
biology of a Japanese strain of 7. akamushi have been 
reported by Ito et al. (1957), but all of their studies 
were not conducted at constant temperature and other 
variables were introduced. The present work de- 
scribes biological observations made on three genera- 
tions of a Malayan strain of 7. akanushi reared in 
the laboratory at constant temperature. 7. akamushi 
serves as one of the principal vectors of scrub typhus 
in Malaya. 


MATERIALS AND METHODS 


Our colony was established from over 2,000 en- 
gorged larvae collected from several Rattus rattus 
jalorensis (Bonhote), trapped in the vicinity of 
Subang, Selangor, Malaya, in August 1956. The 
original source material consisted of a mixture of 
species, but all species other than 7. akamushi were 
eliminated in the first laboratory-reared generation. 
All observations in this paper were made on the 
progeny of specimens whose siblings were identified 
as T. akamushi in the larval Confirmation 
ot the identity of our colonized strain was made by 
Goksu et al (1960), who studied morphologic varia- 
tion among sibling series taken from our colony. 

All stages were maintained in a constant tempera- 
ture box at 27° C. Larvae were fed on either white 
rats or White Leghorn chicks, while nymphs and 
adults were maintained on eggs of the collembolan, 
Sinella curviseta Brook. Details of methodology and 


stages. 


the equipment used have been presented by Neal and 
Lipovsky (1959). 


RESULTS 

Ova.—The eggs of T. akamushi were laid singly 
in a scattered manner in the culture vials and when 
newly laid appeared as yellow spheres measuring ap- 
proximately 130 microns. When viewed under high 
power, the egg shell appeared sculptured. Color 
varied from amber yellow to pale yellow, even among 
Unfertilized eggs 
As development 


the eggs laid by a given female. 
frequently appeared almost white. 
of the fertile eggs progressed they lost some of their 
symmetry but never assumed an ovoid shape. The 
color was modified by the orange appearance of the 
developing embryo. The time of development from 
the deposition of the egg to the rupture of the egg 
shell and the appearance of the deutovum averaged 
8 days but varied from 7 to 11 days at 27° C., (table 
1). A typical fertile egg is illustrated in figure 1. 

Observations were made on the development and 
hatching of 14,403 eggs produced by 16 females which 
had been held in isolation the time of their 
insemination until death. In no instance did all the 
eggs laid by a given female complete development and 
hatch (table 2). Varying proportions of the egg 
production of the 16 females either failed to undergo 
any development or underwent incomplete develop- 


from 
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Table 1. 


Summarized life cycle of Trombicula akamushi. 


Duration in days 
m7 Cc. Number 
Period of development of 
specimens 
observed 


min. max. | mean 


Egg Deposition to rupture of 
egg shell 

Rupture of egg shell to 
emergence of larva 

Emergence of larva to 
attachment on host 

Engorgement of larva on 
host 

Detachment from host to 
onset of quiescence 

Onset of quiescence to ex- 
trusion of nymphal legs 

Extrusion of nymphal 
legs to emergence of 
nymph 

Emergence of nymph to 
onset of quiescence 

Onset of quiescence to ex 
trusion of adult legs 

Extrusion of adult legs to 
emergence of adult 

Emergence of male to 
first spermatophore 
deposition 

Emergence of female to 
first egg deposition 

Period of egg laying 

Longevity of males 2 

Longevity of females 19 


Deutovum 


Larva 


Prenymph 


Nymph 


Preadult 


Adult 


* Varied with availability of host animal 
** Varied with time of exposure to spermatophores 


ment with subsequent death. It assumed _ that 
no fertilization had occurred in those eggs in which 
no development took place and, as indicated pre- 
viously, such eggs frequently appeared almost white. 
The mortality occurring in eggs which had achieved 


Was 


partial development may have been due, at least in 
part, to the inadequacies of laboratory rearing pro- 
cedures. The mold growth which sometimes occurred 
in the plaster vials used for the maintenance of the 
eggs may have contributed to this mortality. 

In the 16 females observed, egg deposition began 
as early as 6 days after insemination and in the case 
of one female did not commence until 21 days after 
insemination. The egg-laying period extended over 
a minimum of 21 days in one female (terminating 19 
days before death) to 253 days in the case of another. 
Maximal and minimal total egg production among the 
16 females were 2,450 and 236, respectively. Aver- 
age daily egg production (table 2) 
by dividing the total number of eggs 
number of days in the period of egg laying. 
age daily egg production varied from 2.4 to 21.7. 
However, by actual observation, as many as 41 eggs 


was calculated 
laid by the 
Aver- 


were deposited by a single female in 24 hours. 

The relation of age of the female at the time of 
egg deposition to the hatch rate was studied by ob- 
serving hatch 8,478 laid during a 
period exceeding 250 days by six females 


rates on eggs 
WwW he se 
found 


females 


precise ages were known (table 3). It was 
that existed between 
at the time of egg deposition and the subsequent egg 
hatch rate. 

Deutova.—Seven to eleven days after eggs 
rupture, ex- 


no correlation age of 


were 


deposited, the shell was observed to 
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Fig. 4 


Fic. 1—Egg of Trombicula akamushi. 
Deutovum with ruptured egg shell separated, exposing the developing larva. 


Fic. 3.—Larva of Trombicula akamushi. 
lic. 4.—Ventral view of prenymph showing remnants of larval legs and the larval 
skin beginning to split medially between the developing nymphal legs. 
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Table 2. 


No. days 
between in- 
semination 

and egg 
deposition 


Total 
number 
eggs laid 


Egg laying 
period 
in days 


Female 
number 


38 236 
209 1,302 
253 1,897 

357 
2,450 
937 
2,025 
482 
1,001 
1,876 
401 
342 
304 
328 
229 
236 


Mean 900 
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posing a quiescent form which is commonly desig- 
nated the deutovum (fig. 2). In 78 eggs maintained 
at 27° C., the average length of time from deposition 
to rupture of the egg shell was 11 days. As indicated 
in table 2, approximately 8 percent of the deutova did 
not complete development. Where development was 
incomplete, it usually terminated after the rupture 
of the egg shell. Breaches in rearing technique fre- 
quently were responsible for this termination in 
deutoval development, and loss of moisture in rear- 
ing vials appeared to be the immediate cause. Ex- 
cessive mold growth in culture vials appeared to be 
a contributing factor in some instances. 
Larvae.—The larval akamushi 
originally described by Brumpt (1910) and diagnos- 
tic characteristics have been described in detail by 
Fuller (1952). A typical larva is illustrated in figure 


stage of 7. was 


Table 3. 


Fe- 1 to 50 51 to 100 
male ; ; i 
num- | insemi- | first | 
ber | nation | egg Per- 
in depo- Eggs cent | Eggs 
days | sition laid | hatch-| laid 
ed ed 


Per- 
cent 


100 
794 
1,160 
1,083 
1,005 


Mean 
Total 


4,142 


101 to 150 


Eggs 
hatch-| laid 
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Egg production and egg development of 16 females of T. akamushi. 


Percent 

Daily egg 

production 

(avg.) Infertile 
eggs 


Developing 


Eggs 
incompletely 


hatching 


100 
34 
20 
19 
18 
20 
11 
10 
64 
16 
21 
9 
= 
12 
44 


76 


24 
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3. Larval color was characteristically red, and varied 
little among individuals. 

During these studies, larvae were not offered a1 
animal host until they were 7 days old. At this age 
attachment to the host took place very readily, an 
it was presumed that attachment can take place ever 
earlier. Engorgement was usually completed in one 
and one-half days but occasionally took as long as 
3 days (table 1). After detachment, the engorge 
larvae moved about sluggishly in culture tubes for a 
period varying from 1 to 11 days before entering into 
a quiescent stage of development. Since larvae dic 
not feed on blood, but on colorless tissue fluid, the 
period required for the digestion of the meal coul 
not be accurately determined. Larvae were never ob- 
served to feed on other culture 
Unengorged and engorged larvae rested in 


ova or stages 1n 





smal 


Relation of age of female to hatch rate. 


Age (days) 


151 to 200 201 to 250 251 to end 


Per- Per- Per- Per- 
cent Eggs cent Eggs cent Eggs cent 
hatch-| laid |hatch-| laid = hatch-| laid — hatch- 


ed ed ed ed 
80 


85 
83 
44 


63 





200 


with the 
was 


pits in the surface of the culture tubes, 
gnathosoma exposed. The larval stage 
sidered terminated upon the extrusion of the nymphal 
legs during this quiescent stage of development. This 
last phase of larval development varied from 1 to 
8 days. Table 1 shows that larval development can 
be completed in a period as short as 10 days, but this 
Survival time among 127 


con- 


never actually occurred. 
unfed larvae varied from 26 to 102 days, with an 
In no instance was postlarval 
larval form had 


average of 65 days. 
development observed where the 
failed to engorge on an animal host. 

The following animals were tested as laboratory 
host for the larvae: suckling and adult white mice, 
suckling and adult white rats, guinea pigs and 2- to 
3-day-old White Leghorn chicks. In five attempts 
to feed larvae on suckling white mice, only one was 
partially successful. Four out of thirty-eight larvae 
placed on the skin of suckling white rats engorged. 
Adult white rats were used as host on 11 occasions, 
and 48 percent of the 1,547 larvae applied to them 
In one attempt to feed larvae 
in a capsule on a guinea pig, 9 of 37 larvae engorged. 
Finally, in 9 attempts to feed larvae by confining 
them in a sack on the wing or by placing them 


directly on a shaved skin surface of 2- to 3-day-old 


in capsules engorged. 


rig. 5 


Fic. 5.—Nymph of 
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White Leghorn chicks, 42 percent of 987 larvae en- 
gorged. The time required for engorgement on rats 
and chicks was almost identical, requiring about 40 
hours in most instances. The percentages of larvae 
completing their development was almost identical 
regardless of whether they had engorged on rats 
or on chicks, but while the former completed their 
development in an average of 34.7 days, the latter 
required an average of 41.4 days to complete develop- 
ment. The reported natural hosts of 7. akamushi 
have been tabulated by Fuller (1952), and Wharton 
and Fuller (1952). 

Prenymphs.—One to eight days after the onset of 
larval quiescence, the developing nymphal legs rup- 
tured the larval skin. By this time the larval mouth- 
parts and legs were empty shells. The prenymphal 
stage is one in which considerable growth takes 
place as is evidenced by a size comparison of the 
developing nymphal legs and the remnants of the 
In some chigger-mite species 
skin nearly 
but this 


larval legs (fig. 4). 
nymphal emergence leaves the larval 
intact and useful for purposes, 
usually was not the case in 7. akamusht. 
Nymphs.—The nymphs (fig. 5) became active at 
emergence and began to feed upon the provided col- 
lembolan eggs within the first three hours, but suf- 


taxonomic 


Fig. 6 


Trombicula akamushi. 


Fic. 6—Ventral view of preadult showing remnants of nymphal appendages and developing legs of the adult. 


About 2 days prior to emergence. 
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fered no noticeable effects when deprived of food 
for the first 4 or 5 days. Defecation generally oc- 
curred prior to the first meal. The period from the 
emergence of the nymph to the onset of quiescence 
varied from 6 to 28 days in those nymphs which 
completed their life cycle. However, some nymphs 
lived in culture for as long as 167 days without pass- 
ing into the next stage of development. Such nymphs 
remained active during this period and did not enter 
into true diapause. Approximately 77 percent of 
engorged larvae developed into nymphs, but only 
about 60 percent of nymphs developed into adults. 
Most nymphs entered the quiescence stage without 
showing signs of its approach, but a few became 
sluggish and took no food for several days prior to 
quiescence. 

Preadults—Quiescent nymphs were considered de- 


Fig.7 


Fic. 7 —Adult 


Trombicula 
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veloped into preadults when the nymphal skins rup- 
tured, exposing the developing adult legs, just as 
the quiescent larva was distinguished from the pre- 


nymph. Development from quiescent larvae to 


nymphs and from quiescent nymphs to adults (table 
1) required nearly the same number of days, and 


the behavior of both stages during these periods 
was quite similar. The preadult (fig. 6) 
tinguished from the prenymph by its larger size, 


darker color and by its possession of four pairs of 


was dis- 


nymphal legs in contrast to three pairs of larval legs 
in the prenymph. 

Adults —Adults were distinguished from nymphs 
by having a larger gnathosoma, a larger first pair 
of legs, and a sharper line separating the gnathosoma 
from the hysterosoma. The adult like the nymph was 
ready to feed within a few hours after emergence. 


akamushi. 
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The length of life of adults (table 1) averaged 116 
days for 30 males and 185 days for 33 females. The 
maximum longevity observed in a male was 332 
days, and two females lived 443 days before observa- 
tion was discontinued. Death in both males and fe- 
males of varying ages frequently was preceded by a 
period in which waste elimination appeared to be 
abnormal or nonfunctional. In such instances the 
abdomen became distended with a milky white fluid, 
fecal deposition was not observed for as long as 2 or 
3 weeks, and occasionally the body burst. In another 
condition preceding death, the abdomen also became 
distended, though no fluid could be observed within, 
fecal deposition appeared to be normal, and death 
usually followed bursting of the hysterosoma. Still 
other adults became entrapped in condensed mois- 
ture in the culture tubes and died. Occasionally adults 
were observed feeding on Trombicula ova in cul- 
tures, even though a supply of collembolan eggs had 
been supplied as a source of food. Parasites 
the cultures. A typical adult is 


were 
never observed in 
illustrated in figure 7. 

The entire life cycle from deposition of egg to 
deposition of egg, under optimal conditions, can take 
place in as little as 46 days, but this rarely occurs. 
Most frequently the life cycle, under the conditions 
we provided, required about 72 days for its comple- 
tion. 

Reproduction and sex determination.—Insemina- 
tion of 7. akamushi females occurred when contact 
was made with spermatophores which had been de- 
posited by the males. The structure and appearance 
ot the spermotophores, the process of spermatophore 
deposition by the males, and the behavior of females 
during insemination closely resembled that described 
by Lipovsky et al. (1957) in Trombicula splendens 
Ewing. 7. akamushi males began depositing sperma- 
tophores as early as the second day after emergence 
and continued, in one instance, for 251 days. In 
observations on six males held in individual culture 
vials for 15 days, 10 was the largest number pro- 
duced in a single day, while the daily average was 
6. 

Studies on the process of sex determination were 
made by following the development and determining 
the sex of 13 sibling series, each derived from a 
separate female. Ova of the 13 females were collected 
daily, placed in separate culture vials, and maintained 
separately under comparable and nearly constant en- 
vironmental conditions. A total of 241 adult progeny 
were reared from the 13 parental females. Nine of 
the thirteen females produced unisexual progeny (all 
female or all male), two produced roughly equal 
numbers of both sexes, and the offspring of the re- 
maining two females were predominantly of one sex 
(table 4). These peculiar sex ratios closely resemble 
those observed in the dipteran 
family Sciaridae, where the chromosome cycle has 
been intensively studied (Metz 1926, 1938; White 
1954). In our observations on 7. akamushi environ- 
mental conditions obviously could not have influenced 


several species of 
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Table 4. akamushi to sex 


of offspring. 


Relation of age of female 7. 


Age (in days) at or during: Sex of siblings 


Period 
ot egg 
laying 


First 
Insemi- egg 
nation depo- 

sition 


Female 


number female 


male 


10 67-80 30 
11 16-24 14 
32 195 11 
31 54 3 
88 
100 1 
48 0 
95 4 
103 13 
51 0 
28 0 
29 50 0 
39 89 0 
153 154-157 0 
28 69-73 0 
Totals 96 


39 


40 


CD OwWNN NM WwW 


89 
11 


13 
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sex ratios, since all sibling lots were reared under 
comparable conditions. The male 7. akamushi ap- 
parently was not responsible for sex determination, 
because it was observed that in three females (nos. 
1, 6, 13), all of whom had been fertilized by sperma- 
tophores from the same male, the sex ratio was quite 
different. No correlation could be found between sex 
ratios and either the age of the females at time of 
insemination or the age at time of first egg deposi- 
tion. Similarly, no correlation could be found be- 
tween sex ratio and the age of females during the 
period of egg laying. 
DISCUSSION 

Much of the early data on the biology of 7. 
akamushi was collected from materials of somewhat 
uncertain identity. The more recent laboratory 
studies on the biology of 7. akamushi have suffered 
from inadequate sample size or from failure to main- 
tain constant temperature throughout the entire 
period of observation. A comparison of our results 
with those of Sasa and Miura (1953) or 
Ito et al. (1957) will show discrepancies in egg pro- 
duction data, in the length of the life cycie and in the 
developmental periods of each stage in the life cycle. 
Our observations were made on a Malayan strain of 
T. akamushi while those of and Miura and 
Ito et al. were made on Japanese material. The post- 
larval stages of our material were maintained on col- 
lembolan eggs, while the other workers used either 
time these 


those of 


Sasa 


mosquito or dragonfly eggs. At the 
workers made their studies, a means for determining 
the sex of living adults had not yet been recognized 
and therefore some types of observation could not be 
In particular, we were able to determine the 
sex ratio in sibling series, spermatophore production, 
and the development and longevity of both males and 


made. 
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females. The observations on the sex ratio in sibling 
series is of particular interest because it varies so 
markedly from the usual 1:1 ratio observed in arthro- 
pods. Whether or not the genetic system and chromo- 
some cycle involved in 7. akamushi is similar or 
identical to that described in the Sciaridae remains 
to be determined. 

The entire life cycle almost invariably progressed 
in a uniform manner and true diapause was not noted 
in any developmental stage. No marked variation 
in the course of development was noted in relation 
to the season of the year, but it must be noted that 
the conditions of temperature, humidity, and lighting 
provided during these observations were almost con- 
stant throughout the year. 
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ABSTRACT 


Earlier classifications of the Megalonotinae are dis- 
cussed. Based in most part upon characters of the nym- 
phal stages, modifications in the tribal classification are 
proposed. The Drymini and the Lethaeini are retained 
in their former sense; the Myodochini, the Gonianotini, 
and the Megalonotini are restored as tribes; the Beosini 


Within the past 5 years a number of papers have 
appeared upon the higher classification of the large 
and varied subfamily Megalonotinae. Several of these 
have dealt with single-character analyses (Ashlock 
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is separated from the Megalonotini; and the new tribe 
Plinthisini is proposed. The Cleradini (—Stygnocorini 
of Scudder) probably is still polyphyletic, but it can not 
be further evaluated as most of its genera are tropical 
and their nymphs are unknown. 


1957, Slater and Hurlbutt 1957). Scudder (1957) 
and Putshkov (1958) have considered a wider range 
of characters, and the last authors have proposed 
definite or tentative changes in the tribal categories. 

Stal (1872), in establishing the traditional cate- 
gories in the megalonotines, erected six “divisions,” 
the Myodocharia, Rhyparochromaria, Beosaria, Goni- 
anotaria, Lethaearia, and Drymaria. Two years later, 
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in his monumental “Enumeratio,” Stal (1874) modi- 
fied his system by erecting the Cleradaria and com- 
bining the Drymaria with the Lethaearia. This classi- 
fication, based largely upon the position of the tri- 
chobothria, has remained unchanged until very re- 
cent years. 

The only significant revision offered in the older 
literature was that of Breddin (1907). Basing his 
upon the position of the abdominal 
spiracles, he recognized three “Gruppen”: the 
Pameroidea (the Myodocharia of Stal), the Aphanoi- 
dea (Beosaria of Stal), and the Drymaria (Leth- 
aearia of Stal) ; Stal’s Rhyparochromaria was broken 
up and its genera distributed through the Aphanoidea 
and Drymoidea. 

Hutchinson (1934), Singh-Pruthi (1925), 
3arber (1917, 1918, and subsequently) have con- 
tributed to a knowledge of the taxa, but made no im- 
portant changes in the megalonotine relationships. 
Gulde (1936) recognized the six categories of Stal 
(1872), and added two more, the Pterotmetini and 
Stygnocorini. These latter tribes were considered 
valid, on the basis of their chromosome conditions, by 
Pfaler (1941), who also added another group which 
he called the Anoraria, but this nominal taxon has 
no nomenclatural validity as it is based on a specific 
rather than a generic name (Trapesonotus anorus). 
This earlier literature has been summarized briefly 
by Scudder (1957) and Ashlock (1957), and will not 
be analyzed further here. The present paper will at- 
tempt to interpret evidence from the more recent 
work and from our own studies on the nymphs of 
Nearctic species. 

Scudder (1957) organized the Megalonotinae into 
four tribes, the Stygnocorini, Drymini, Lethaeini, 
and Rhyparochromini, with the last-named tribe con- 
taining three subtribes (Gonianotina, Rhyparo- 
chromina, and Plociomerina) which previously had 
been regarded as independent tribes. Other major 
innovations were the reduction of the Cleradini to 
a portion of the Stygnocorini of Gulde, the resur- 
rection of the Drymini as a tribe distinct from the 
Lethaeini, and the breakup of the old Rhyparo 
chromini and Beosini with their various genera dis- 
tributed among the Stygnocorini, Gonianotina, and 


classification 


and 


Rhyparochromina. 

Scudder relied primarily upon the placement of 
the trichobothria and the spiracles, relative to one 
another and to the margins of the sclerites upon 
which they are found. Dorsal scent glands, spermathe- 
cae, abdominal glands, and chromosome numbers 
were used extensively, but close reading will show 
that these characters were generally subordinated to 
the trichobothrial and spiracular arrangements where 
the characters appeared to come into conflict. This 
classification is, in many distinct advance 
over the conventional Stal system. It certainly resur- 
rected the Drymini correctly as very distinct from 
the Lethaeini—which was independently noted also 
by Ashlock (1957) and Putshkov (1958),—and 
recognized the polyphyletic nature of the old Beosini 


ways, a 
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and Megalonotini. The large number of genera that 
were studied, from all major zoogeographic regions, 
also lends much value to the paper, particularly in 
that it located a great many of Distant’s poorly 
placed genera. 

There nevertheless, certain inherent 
nesses in the system proposed by Scudder, such as 
the inclusion of the genus Plinthisus and the Clerada- 
group of genera in a single tribe with such different 
genera as Stygnocoris and O-sophora. This tribe ap- 
pears to be polyphyletic, as we shall attempt to show 
below. Furthermore, the inclusion of the Goniano- 
tini, Megalonotini, and Myodochini in a single tribe 
appears to us to bring together very diverse elements 
and thus to imply relationship for genera that are 
very unlike one another in some most fundamental 


are, weak- 


characters. 

The characters of spiracle arrangement and tri- 
chobothrial position and number, while extremely 
valuable .in the classification of the subfamily, are 
not quite so constant as one might, at first, be led 
to believe. Scudder recognized this, and deserves 
credit for pointing out, in several places the diverse 
nature of his taxa and the probability that future 
revision would be necessary. As examples of non- 
conformity within tribal units the following may be 
cited. The second abdominal spiracle in Pseudocne- 
modus and the fourth one in Drymus are precisely 
lateral on the nymphal abdominal margin; in some 
species, at least, of Antillocoris, the posterior tri- 
chobothria of sternum 5 are not placed in an even 
linear sequence but show an arrangement intermediate 
between the lethaeine and megalonotine conditions ; 
and at times there are striking differences in different 
genera in the type of forward curvature of the suture 
between abdominal sterna 4 and 5. 

Putshkov (1958), in a detailed study of the nymphs 
ot Palearctic Lygaeidae, has discussed the higher 
classification and presented a key to the genera. 
Though he erected no formal categories, he showed 
rather conclusively the polyphyletic nature of several 
of the conventional taxa. It is interesting and im- 
portant that Putshkov’s work, accomplished entirely 
independently from ours (Sweet and Slater, in press) 
came to many of the same conclusions. One cannot 
speak too highly of this detailed and thorough study. 
Thanks to Putshkov’s work, it is now possible for 
us to analyze higher groups in the light of characters 
found in the nymphs, at least insofar as the Holarctic 
Region is concerned. 

Putshkov emphasized the taxonomic value of what 
he called the “troughed-suture,” which we refer to 
in the present paper as the “Y-suture.” He 
used trichobothria, spiracles, pronotal margins, and 
other conventional characters. The only defects ap- 
parent in his study can be attributed to his working 
with material from a single geographic area. This 
led to a misinterpretation of the position of the 
Myodochini, which was further complicated by the 
fact that Putshkov patently misidentified the nymph 
that he associated with Ligyrocoris sylvestris. Also, 


also 
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there appears to be an unnecessary isolation of such 
genera as Acompus and Gastrodes on the ground that 
the suture between sterna 4 and 5 attains the lateral 
margin even though other characters clearly place 
them within definitive tribes. 

The nymphs of the Megalonotinae frequently pos- 
sess one character, not evident in the adults, that 
seems to us to be of paramount importance in the 
classification of the group. Unfortunately, this re- 
sults in our being unable at present to place the ma- 
jority of the non-Holarctic genera, as the nymphs 
of the Lygaeidae have been little collected in the 
past. Nevertheless, we consider this character to be 
so important that it cannot safely be ignored if we 
wish to understand fundamental relationships in this 
great subfamily. 

This character is the Y-suture or “troughed-suture”’ 
present in many genera between abdominal terga 3 
and 4. This is a very definite region, the suture 
being so deeply furrowed as usually to appear super- 
ficially like a double suture. Near the lateral mar- 
gins it appears to fork, the posterior branch con- 
tinuing as the abdominal suture while the anterior 
branch extends cephalad, parallel to the lateral mar- 
gins of terga 2 and 3. When the Y-suture is present, 
the suture between the second and third abdominal 
terga usually is indistinct. The function of the Y- 
suture is unknown, but it may be associated with the 
transport of liquid from the anterior scent gland. 
\When the Y-suture is present the anterior gland al- 
ways is well developed, whereas when it is absent 
the gland opening is sometimes markedly reduced, 
and in one entire tribe it is completely absent. 

This, then, is a complex morphological area in- 
volving considerable structural modification. It is 
widely distributed through the Megalonotinae, but 


is not present in other Lygaeidae and indeed, so far 


know, it does not occur elsewhere in _ the 
It seems most unlikely that this Y- 
independently several 


as we 
Heteroptera. 
suture could 
times; and, therefore, groups possessing the charac- 
ter undoubtedly show relationship to one another. 
The reverse, however. is not necessarily true, as, 
quite conceivably, the Y-suture condition could have 


have evolved 


been lost, independently, several times during the 
long course of lygaeid evolution. Nevertheless, we 
have not found it necessary to hypothesize the sub- 
sequent loss of the Y-suture in order to arrive at 
what we believe to be an intelligible classification 
based in the first instance upon this character. 

The Y-suture is present in all Myodochini and 
Drymini, and is absent in all Lethaeini and Goni- 
anotini, thus adding another character to those in- 
dicating a monophyletic nature for each of these four 
groups. That it may be present or absent in various 
genera of the Cleradini and Megalonotini implies 
that these tribes are unnatural units. 

The Megalonotini, as limited by Scudder (as sub- 
tribe Megalonotina) and made up of elements of 
the old tribes Rhyparochromini and Beosini of Stal, 
held to- 


seems clearly to be polyphyletic. It was 
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gether by Scudder on the basis of the three dorsal 
scent-gland orifices on the abdomen, the two pos- 
terior trichobothria of sternum 5 placed behind the 
spiracle, and the dorsal location of abdominal spira- 
cles 3 and 4. Putshkov (1958), discussing the Rhy- 
parochromini in the pre-Scudderian sense, has al- 
ready commented accurately upon the diverse nature 
of the tribe, and believed that four distinct units are 
involved. As will appear below, our concept of the 
genera of this complex is in essential agreement with 
Putshkov’s views. 

The Cleradini (=Stygnocorini of Scudder) is diff- 
cult to interpret at present, chiefly because of the 
lack of nymphal material. The majority of its genera 
are tropical or subtropical, and nymphs of only a 
few are available for study. Slater (Lygaeidae of 
South Africa, in press) has implied the likelihood 
that the Clerada complex represents a distinct tribal 
unit, but unfortunately, nymphs of all of these genera 
remain undescribed. The genus Plinthisus clearly is 
not related to such genera as Osophora, Stygnocoris, 
and Acompus, with which it was associated by Scud- 
der. Our feeling, not yet capable of being backed 
by strong evidence, is that at least four taxonomic 
units of probable tribal value will ultimately be dis- 
covered in this group. 

The proposed classification that follows, therefore, 
uses the Y-suture as the most definitive character. 
While using spiracles and trichobothria extensively, 
it relegates them to a secondary position in the 
hierarchy of characters. 
point, it would seem that the position of the spiracle 
anterior to the trichobothria could result from either 
trichobothria or an 
anterior migration of the spiracle, or both; but in 


From a philosophical stand- 


a posterior migration of the 


any event a similar condition would be attained de- 


spite the very different processes involved. In point 


of fact, there does to be indication of 
this situation in the material studied. 


KEY TO TRIBES OF SUBFAMILY 
MEGALONOTINAE 
Y-suture present 
Y-suture absent 
\ll spiracles ventral to abdominal margin j 
Spiracles of at least segments 3 and 4 dorsal : 
All trichobothria of sternum 5 located anterior to 
spiracle Drymini 
Two posterior trichobothria of sternum 5 located 
posterior to spiracle Cleradini 
Spiracles of segment 2 


pronotal margins 

rounded in adults Myodochini 

Spiracle of segment 2 pronotal margins 
lamellate in adults Beosini 

Two dorsal abdominal present; one 
spiracle dorsal Gonianotini 

Three dorsal abdominal scent glands present; 
spiracles dorsal or all spiracles ventral 6 

All spiracles 7 


seem some 


dorsal > 
ventral ; 


scent glands 


iwo 


ventral 7 
Spiracles of abdominal segments 3 and 4 dorsal 
Megalonotini 
Placement of trichobothria linear or nearly so, at 
most only one located behind spiracle; suture 
between sterna 4 and 5 curving, incomplete, and 
not attaining lateral margin of abdomen 
Lethaeini 
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Placement of trichobothria not linear, the two pos- 
terior ones located behind spiracle; suture between 
sterna 4 and 5 straight, attaining lateral margin 
of abdomen Plinthisini 


TRIBAL DIAGNOSIS AND DISCUSSION 


Tribe I. Myodochini. 

1. Y-suture present. 

2. Three dorsal abdominal scent-gland openings 
present. 

3. Abdominal spiracles on segments 2, 3, and 4 
dorsally located (that on segment 2 is lateral 
in nymph of Pseudocnemodus). 

4. Pronotum with lateral margins 
adults. 

5. The two posterior trichobothria of sternum 5 
located behind the spiracle and not arranged 
in linear sequence. 


rounded in 


This tribe appears to be a rather natural assem- 
blage of genera held together by a complex of 
characters. Putshkov (1958) appears to have erred 
in believing that the nymph of Ligyrocoris sylvestris 
(L.) lacks the Y-suture. We have examined the 
nymphs of many species of Ligyroceris (including 
both subgenera and L. sylvestris itself) .and found 
the Y-suture well developed in all of them. The im- 
portance and magnitude of this tribe has, perhaps, 
not been fully appreciated because the taxon is poorly 
represented in the Palearctic fauna. It is very nu- 
merous in the Nearctic Region, however, and indeed 
this is one of the great differences between the two 
faunas (see Slater 1952). As with all of the tribes 
keyed above, there is diversity and subunits are 
recognizable. 

Included genera: Carpilis, Cnemodus, Daerlac, 
Heraeus, Kolenetrus, Ligyrocoris, Myodocha, Neo- 
suris, Pachybrachius, Paromius, Perigenes, Pseu- 
docnemodus, Ptochiomera, Sisamnes, Sphaerobius, 
Udeocoris, and Zeridoneus. 

Tribe II. Beosini. 
1. Y-suture present. 
2. Three dorsal abdominal scent-gland openings 
present. 
Abdominal spiracles on segments 3 and 4 dor- 
sally located. 
Pronotal margins lamellate or carinate in adults. 
The two posterior trichobothria of sternum 5 
located behind the spiracle and not arranged 
in linear sequence. 


The Beosini, under the concept used here, is a 
much more restricted taxon than the old Beosini of 
Stal and most other authors, which contained most 
of the megalonotines with lamellate pronotal margins. 
The genera previously placed in the Beosini that 
lack a Y-suture are now excluded, and for the most 
part are distributed in the Megalonotini and Goniano- 
tini. According to Putshkov (1958), the genus Ael- 
lopus differs in having the third tergitic suture fur- 
rowed but not laterally furcate. 

Included genera: Aellopus, 


Beosus, Dieuches, 
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Metadieuches, Peritrechus, Poeantius, Rhyparochro- 
mus Hahn, Uhleriola. 
Tribe III. Drymini. 
1. Y-suture present. 
2. Three dorsal abdominal scent-gland openings 
present. 
3. All abdominal spiracles ventral (spiracle 4 is 
lateral in Drymus). 
4. Pronotal margins in adults usually narrowly ex- 
planate. 
All trichobothria located anterior to spiracle 5, 
and not linearly arranged. 


Ashlock (1957) and Scudder (1957) 
quately shown that this taxon has no close relation- 
ship to the Lethaeini, and the Y-suture contributes 
further evidence for this separation. As noted by 
Putshkov, the position of Gastrodes is somewhat 
apart, for while the suture between abdominal terga 
3 and 4 is deeply furrowed, that between abdominal 
sterna 4 and 5 is complete and reaches the lateral 
margin of the abdomen. 

Included genera: Drymus, Eremocoris, Gastrodes, 
Ischnocoris, Scolopostethus, and Togodolenius. 


Tribe IV. Cleradini 


1. Y-suture present. 

2. Three dorsal abdominal scent-gland openings 
present. 

3. All abdominal spiracles ventral. 

Pronotal margins carinate, sometimes explanate 

or rounded. 

5. The two posterior trichobothria of sternum 5 
located behind spiracie, and not linear in 
arrangement. 


have ade- 


(=Stygnocorini). 


As previously remarked, we believe that this tribe 
will eventually be shown to be composite. Nymphs 
of genera related to Clerada are great desiderata. 
Genera such as Ozophora show indications of rela- 
tionship to the Myodochini. 

Included genera: Acompus, Migdilybs, Ozophora, 

Stygnocoris. 

Tribe \V. Plinthisini, new tribe. 

1. Y-suture absent. 

2. Abdominal suture between sterna 4 and 5 not 
curving anteriorly, but extending completely to 
abdominal margins. 

3. Three dorsal abdominal scent-gland openings 
present. 

4. All spiracles ventral. 

5. Pronotal margins carinate. 

6. Two posterior trichobothria of sternum 5 lo- 
cated behind the spiracle, and not linearly 
arranged. 


The only included genus at present is Plinthisus 
itself, with its subgenera /sioscytus and Plinthisomus. 
Scudder placed Plinthisus in his “Stygnocorini,” but 
the absence of the Y-suture seems to indicate that 
there is no close relationship to that taxon. 

Putshkov (1958) noted the isolated position of 
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Plinthisus, and indicated that it might be worthy 
of subfamily status. This view presumably was based 
upon the lack of curving, incomplete suture be- 
tween abdominal sterna 4 and 5 so characteristic 
of the Megalonotinae. However, many other charac- 
ters appear to indicate that Plinthisus is a true 
megalonotine. It seems more likely that the genus 
has either lost the incomplete suture or represents a 
generalized stock that diverged before the curved- 
suture condition arose in the evolution of the sub- 
family. It is tempting to think of Plinthisus as repre- 
senting a primitive form, as will be discussed later. 
Its distribution in hill country and on mountains in 
the Palearctic, Nearctic, Ethiopian, and Oriental Re- 
gions also gives it the appearance of an old group. 
However, our knowledge of the tropical Lygaeidae 
is still too fragmentary to permit drawing many con- 
clusions as to primitive existing forms. Of the 
genera whose nymphs are known, we consider Plin- 
thisus to represent the most generalized condition. 


Tribe VI. Lethaeini. 
1. Y-suture absent. 
2. Usually three dorsal abdominal 
(two in Antillocoris). 

. All spiracles ventral. 

Pronotal margins carinate or lamellate. 

. Trichobothria in a linear row of three, with 
at least the anterior two located cephalad of 
the spiracle on segment 5. 

Dorsal surface of head posteriorly with irides- 


scent glands 


mnt WwW 


cent areas in adults. 

The Lethaeini appear to be closely related to the 
Plinthisini. There probably are two or three tribes 
represented in the taxon, but we refrain from for- 
mally recognizing a tribe for those genera with all 
three trichobothria anterior to the spiracle, or for 
the Antillocoris complex, pending a survey of the 
lethaeines by Ashlock in a paper in preparation. In 
addition to the combination of characters set forth 
above, Ashlock (1957) has shown that the nature of 
the phallus is unique and sets the Lethaeini far off 
from the other megalonotines. The Lethaeini proba- 
bly are an ancient stock, but unfortunately for the 
present survey, most of the genera are not Holarctic, 
and the nymphs of most are still unknown. 

Included genera: Antillocoris, Cligenes, Coleocoris, 
Cryphula, Tropistethus, and Xestocoris. 

Tribe VII. Megalonotini. 

No Y-suture. 

Three dorsal abdominal scent-gland openings 
present. 

Spiracles of abdominal segments 3 and 4 dorsal. 

Pronotal margins carinate or lamellate. 

Two posterior trichobothria of sternum 5 lo- 
cated behind the spiracle. 


As noted above, this taxon is redefined and in- 
cludes an element of the old Beosini. At the same 
time, many genera formerly placed here are referred 
to the Gonianotini and Beosini. Use of the Y-suture 
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seems of great value in more accurately relating 
genera that previously were placed in this hetero- 
geneous taxon on the basis of the dorsal third and 
fourth spiracles. As in the Gonianotini, the ab- 
dominal sclerotization of the nymphs is thick and 
opaque. 

Included genera: Lamprodema, Lasiocoris, Mega- 
lonotus, Sphragisticus. 


Tribe VIII. Gonianotini. 

1. No Y-suture. 

2. Two dorsal abdominal scent-gland openings. 

3. Spiracle of abdominal segment 4 dorsal. 

4. Pronotal margins lamellate or carinate. 

5. Two posterior trichobothria of sternum 5 lo- 

cated behind spiracle. 

Scudder (1957) first brought together many genera 
from the Beosini and Megalonotini of Stal and com- 
bined them in this tribe with previously 
placed here. The Gonianotini appears to be a large, 
important, highly specialized, and natural unit. In 
addition to the definitive characters noted above, the 
sclerotization is very thick and opaque in the nymphs 
of most genera—quite in contrast to the condition of 
the integument in all of the other tribes except the 
Megalonotini, which probably is closely related to 
the Gonianotini. 

Included genera: Aphanus, Bleteogonus, Delochi- 
locoris, Diomphalus, Emblethis, Gonianotus, Maleso- 
notus, Pionosomus, Pterotmetus, and Trapezonotus. 
Bleteogonus was first noted as distinct by Putshkov, 
and was formally raised to generic status and placed 
in this tribe by Stichel (1958) and by Scudder 
(1959). Delochilocoris, formerly treated as a syno- 
nym of Rhyparochromus Hahn, is certainly worthy 
of generic status, particularly as the latter is now 
placed in an entirely separate tribe. 

We envision the least specialized Megalonotinae 
nymph as exhibiting the following characters: three 
abdominal scent glands present; Y-suture absent; 
trichobothria of sternum 5 not linearly arranged, two 
of them placed behind the spiracle; all spiracles ven- 
tral; sternal suture between segments 4 and 5 not 
curving nor “incomplete.” This is exactly the con- 
dition found in Plinthisus. 

Specialization from this condition has occurred at 
different rates for the various characteristics in 
different taxa. Indeed, it is impossible to evaluate 
relationships definitely when we know so little about 
However, on the 


genera 


the nymphs of tropical genera. 
basis of our primarily Holarctic material, the degrees 
of specialization shown in figure 1 appear to be in- 
dicated. This chart should not be interpreted as im- 


plying direct relationship or derivation, nor is it to 
be considered a key. Rather, it indicates increasingly 
specialized conditions farther away from the gen- 


eralized type. 

This chart shows that we place primary reliance 
upon the Y-suture as a fundamental character in 
interpreting group relationships. It goes without say- 
ing that if our interpretation is correct, we must 
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MYODOCHINI 
BEOSINI Spiracles 2, 3, 4 
Spiracles 3 and 4 dorsal. Pronotal 
dorsal. Pronotal margins rounded. 


GONIANOTINI 
Two dorsal scent 
glands. Spiracle 4 
dorsal. 
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MEGALONOTINI 
Three dorsal scent 
glands. Spiracles 


margins carinate 3 and 4 dorsal. 
or lamellate. 


Some abdominal 
spiracles dorsal 
(Tribe X) 
Trichobothria all 
DRYMINI anterior to spiracle 
Trichobothria all on sternum 5. 
anterior to spiracle 
CLERADINI on sternum 5. LETHAEINI, s.str. 
All spiracles One trichobothrium 
ventral. posterior to spir- 


acle, hi 


LETHAEINI, s. lat. 

Trichobothria on 
Two trichobothria sternum 5 in recti- Trichobothria on sternum 
posterior to spiracle linear arrangement, 5 not in linear arrange- 
on sternum 5. one or none behind ment, two trichobothria 

spiracle. posterior to spiracle. 


Y-suture present on Y-suture absent 

abdominal dorsum of 

nymphs. Trichobothria 

of sternum 5 not recti- 

linearly arranged. PLINTHISINI 


Suture between abdominal Suture between abdominal 
sterna 4 and 5 curving sterna 4 and 5 straight, 


anteriorly, not attaining attaining lateral margin. 
lateral margin. Three dorsal scent glands. 


All spiracles ventral. 
Y-suture absent. 


Fic. 1—Chart showing increasing specialization among the tribes of the subfamily Megalonotinae. 


have an increased effort to obtain nymphal material in the Drymini, Lethaeini, and Myodochini are cor- 
of many species whose developmental stages are rectly associated. But for the genera belonging to 
either unknown or not yet described in the literature. the Beosini and Rhyparochromini of Stal examina- 
From a practical standpoint, it will probably be pos- tion of nymphs will be necessary before the systema- 
sible to assume that most genera previously placed tic position of any genus can be ascertained. 
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Variations in the Life History of the Engelmann Spruce Beetle’ 


FRED B. KNIGHT? 
ABSTRACT 


The 2-year life cycle of the Engelmann spruce beetle 
is applicable to both endemic and epidemic infestations. 
However, the life cycle in any area may vary considerably 
from year to year because of differing climatic conditions. 
Of major importance in the ecology of the insect is the 


The life history of the Engelmann spruce beetle 
(Dendroctonus engelmanni Hopk.), a primary pest 
of Engelmann spruce (Picea engelmanni Parry), 
was studied during an epidemic that killed 4.3 billion 
board feet of timber (Massey and Wygant 1954). 
The research reported herein was designed (a) to 
reveal basic differences in the life cycle of the insect 
during endemic and epidemic infestations; (b) to 
compare the development in standing infested trees 
with that in trap trees (Nagel et al., 1957); and 
(c) to investigate the variations in life histories from 
year to year. 

The endemic infestation selected for these studies 
was a cold, north-facing slope of Owl Mountain on 
the Routt National Forest, Colorado. For compara- 
tive purposes, data were collected in an epidemic in- 
festation near Dolores Peak on the Uncompahgre 
National Forest, Colorado. The Owl Mountain area 
had been logged by clear-cutting strips (1948 to 
1952), and some of the oldest trees in the uncut 
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proportion of adult beetles that emerge and hibernate at 
the bases of the trees. This is an extremely variable fac- 
tor. Beetles developing in felled trap trees in well shaded 
locations may have a longer cycle than beetles developing 
in nearby standing trees. 


strips were subsequently killed by beetles. The beetles 
in 1955 infested some trees felled along a newly 
constructed road to the Owl Mountain lookout tower 
and partially infested numerous overmature standing 
trees. The partial infestations on standing 
seldom encircled the bole and were usually limited to 
the lowest 4 to 6 feet. 

A normal life cycle for this insect is difficult to 
describe; the variations due to environmental condi- 
tions are such that no two cycles are alike. Generally 


in Colorado, 2 years are required, but at lower eleva- 


tions on warm sites l-year cycles may occur. The 2- 
year cycle described by Massey and Wygant (1954) 
and substantiated in this study is as follows: Beetles 
attack during late June, July, and early August, and 
by mid-October the larvae are partially to fully 
grown. The first winter is passed in this stage of 
development. During the following summer, the in- 
sects reach the adult stage. 
ing late August and September, but instead of attack- 
ing green trees or logs, these beetles enter and pass 
the second winter in the bases of the trees from which 
they emerge. Beetles that do not emerge at this time 
hibernate in the bole. During the latter part of the 
next June and in July they emerge and attack green 
trees in the surrounding area. 


trees 


Some may emerge dur- 
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ATTACK PERIOD 


The beetle attack period on Owl Mountain in 1956 
and 1957 was determined for both standing trees and 
trap trees. Practically all of the attacks on standing 
trees, however, were on trees partially infested the 
previous year. The majority of standing trees were 
infested by July 2 in 1956 and by July 23 in 1957. 
No attacks occurred before July 9, 1957, for weather 
was exceedingly cold and wet that season. 

Trees were felled as traps on June 22, 1956, when 
the beetle flight was already in progress. Beetles 
began their attack within 1 day and by July 3 the 
infestation of the logs was completed. Additional 
trap trees were felled on October 9, 1956. The first 
attacks on these trees were found on July 9, 1957 
Again the attack was virtually complete in less that 
The number of entrance holes per square 
foot in 1957 was about three times the number in 
1956. In both cases there were beetles still in flight 
after the attacks on the trap trees had ceased. 

In the Dolores Peak area, 


standing trees were infested by 


2 weeks. 


the majority of the 
June 2f 1956; the 
last newly infested trees ¥ incated 
The attack period wa ek ¢ ‘r than at 
Owl Mountain. The sncw a . gu ni the 


high elevations by the first of June 


Axgust 6. 


AND EGG PRODUCTION 


trap Owl 
1957 was retarded because of the cold 


GALLERY DEVELOPMENT 


Egg-gallery construction in trees on 
Mountain in 
Average gallery length on a 6-inch-wide 


1) at four heights on each trap 


weather. 
strip of bark (fig. 
tree on each sampling date was as follows: 


Fic. 1—Trap log, showing one 
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Date July ; 30 Aug.6 21 
Inches of gallery per 


entrance hole (avg.) 0. 9: 3.34 3.49 5.84 
On August 21, gallery construction was still incom- 
plete and few eggs had hatched. 

Eggs laid per inch of gallery differed between en- 
demic and epidemic infestations. The average num- 
ber of eggs laid was 20.5 per inch of gallery in the 
epidemic on the White River National Forest (Mas- 
sey and Wygant 1954). In the 1955 epidemic infes- 
tations on the Uncompahgre National Forest the 
number was 18.1 + 2.3 eggs per inch. On the Owl 
Mountain endemic infestation, egg production was 
much lower. In 1956, 8.5 + 0.9 eggs were laid per 
inch of gallery and in 1957, 9.7 0.9. The reason 
for the great differences between counts from endemic 
and epidemic infestations is unknown. 


EMERGENCE FROM STANDING TREES 


One of the major variations from year to year is 
the proportion of the beetles that emerge to hibernate 
in the bases of the trees. In some years practically 
all of the beetles emerge in the fall; in other years 
very that time. In 1945, the fall 
period of emergence reached a peak during mid- 
September (White River N. F.). In 1954 the peak 
was in mid-August (Uncompahgre N. F.). How- 
ever, in the fall of 1945, only 49 percent emerged: 
whereas 88 percent of the adults emerged in the fall 
of 1954. This is typical of the variations found 
throughout the study. 

Life history cages (fig. 2) 
On Owl Mountain, cages 


few emerge at 


were used in emergence 
studies on standing trees. 


height location where 6-inch-wide strips of bark 


were removed on four successive sampling dates. 
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were installed on 22 trees attacked in 1955 and on 
14 trees attacked in 1956. At Dolores Peak, 10 trees 
were caged each year. In the endemic infestation 
on Owl Mountain many of the cages included sec- 
tions of uninfested bark and sections previously 
killed and abandoned by beetles. At Dolores Peak 
the cages installed in 1955 were on heavily infested 
trees. In 1956 the infestation at Dolores Peak de- 
creased and many of the trees at the study site were 
lightly infested. Collections made from the 
cages commencing the spring following infestation 


were 


Fic. 2.—Life history cage on infested spruce. 


of the trees; for example, collections from cages on 
trees infested in 1955 were started during the spring 
of 1956. The totals of collected from the 
cages in two years were: 


beetles 


Area Owl Mountain Dolores Peak 
Year trees 
infested 
Collection period 
Number of beetles 
collected 
Average number 
per cage 53 28 490 


1955 


1956-57 


1956 19 
1957-58 1956- 


1063 385 4895 
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The small number collected from the 1956 infested 
trees on Owl Mountain can be related directly to 
the cold season and slow development in 1957. The 
14 cages were left on for an additional year; the col- 
lection total (1957, 58 and 59) was 691 beetles, or 
50 per cage. This average (50) is comparable to the 
average (53) from cages on the 1955 infested trees. 
The number collected from trees infested in 1956 
on Dolores Peak was also low. But slow development 
was not entirely the reason for the discrepancy; of 
more importance was the decreased density of en- 
trance holes and small number of progeny in the 
infested trees. 

The chronological emergence for 2 
lection from cages on trees infested in 1955 was re- 
corded. The number of that emerged for 
hibernation in 1956 was very low both at Owl Moun- 
tain (3%) and at Dolores Peak (13%). This may 
have been due to unseasonably low temperatures dur- 
ing the expected emergence period. Emergence for 
flight was at a peak in mid-July of 1957 at both 
locations. 

The results from trees infested in 1956 varied 
widely. At Dolores Peak, emergence followed 
typical pattern. Fall emergence for hibernation in the 
bases of the trees amounted to 61 percent of the total 
in 1957. Practically all of the beetles completed their 
cycle in 2 years. On Owl Mountain the pattern was 
different. Few beetles emerged in the fall of 1957 
and only a small percentage in the spring of 1958 
Collections continued in 1959 in this 
Nearly 50 percent of the total collected emerged in 
June and July of 1959. Thus, the majority of the 
progeny on Owl Mountain developed in a 3-year 


years of col- 


beetles 


were area. 


cycle. 


EMERGENCE FROM FELLED TREES 


Life history cages (fig. 3) were placed on felled 
trees on Owl Mountain, 20 each on trees infested in 
1955 and 1956, and 10 on trees infested in 1957. Each 
cage was attached so that the circumference of the 
bole was encased. The egg galleries of the spruce 
beetle were usually confined to the underside of the 
boles. All of the trees were well shaded for much of 
the year. The rate of beetle development was slower 
than in more open locations; a significant proportion 
of the brood required 3 years to complete the life 
cycle. No beetles emerged from felled trees in the 
fall for hibernation. The percentage of emergence for 
3 years following infestation was as follows: 


Year Infested 


3-Year Cycle 
Percent 


2-Year Cycle 
Percent 

1955 50 

1956 43 

1957 60 


ASSOCIATED INSECTS 


Associated insects were collected from the cages 


at approximately weekly intervals at the time emer- 
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Fic. 3.—Collecting insects from cage on felled infested spruce. 


gence records were obtained for the spruce beetle. 
\ few species commonly found have an important 


effect on the ecology of the beetle. These are grouped 
into entomophagous insects and other associates. 


Entomophagous Insects—The most common of 
these was the braconid parasite Coeloides dendroctoni 
Cush., found in small numbers on standing trees and 
in somewhat larger numbers on felled spruce. Most 
of those in felled trees were parasites on Jps larvae 
in the upper surfaces of the logs. The pteromalid 
parasite Cecidostiba burkei Cwfd. was collected oc- 
casionally. Medetera aldrichii Wheeler was the only 
dipterous predator of significance. It was collected 
frequently from both standing and felled trees. Other 
dipterous predators were scarce. Coleopterous preda- 
tors were also found. Adults and larvae of two clerids, 
Thanasimus undatulus (Say) and T. nigriventris 
Lec. were quite numerous. Two species of staphlinids 
were collected frequently. Both were observed feed- 
ing upon larvae of the Engelmann spruce beetle. 
Other Associates —Six coleopterous associates that 
compete with the Engelmann spruce beetle for food 
were collected in quantity. Scierus annectens Lec. 
(fig. 4a) was the most numerous of all the associated 
insects. It was collected from felled and standing 
Engelmann spruce. It attacked a few days after the 
Engelmann spruce beetle entered the bark. The adults 
emerged each fall to overwinter in the duff. Dryo- 
coetes affaber Mann. (fig. 4b) was second in number 
collected in the felled trees. None were collected 
from standing trees. The galleries were intermingled 
with those of the Engelmann spruce beetle. Poly- 
graphus rufipennis (Kby.) (fig. 4c) was collected 


from most of the felled and standing trees. It, like 
the previous two beetles, is important as a com- 
petitor for space. [ps pilifrons Sw. was collected only 
from felled spruce. Its attack period occurred shortly 
after the spruce beetle both in 1956 and 1957. The 
first galleries were found on July 10, 1956 and July 
23, 1957. Ips galleries were on the upper surface of 
the boles, seldom intermingled with those of the 
Engelmann spruce beetle. Trypodendron lineatum 
(Oliver) was collected from felled and standing trees. 
Because of its wood-boring habit, its importance as 
a competitor is less. Rhizophagus dimidiatus 
(Mann.) was collected in small numbers from most 
of the trees. 
DISCUSSION 

The life cycle of the Engelmann spruce beetle as 
determined by Massey and Wygant (1954) is gen- 
erally applicable. The emergence of beetles for hi- 
bernation, however, is not predictable. There appears 
to be no normal expectation for this factor. In 
some most of the beetles may emerge to 
hibernate and in other years practically none emerge. 

A comparison of the rate of development of beetles 
in standing trees to that in felled trap trees showed 
two important differences; (1) in well-shaded trap 
trees more of the insects required 3 years to com- 
plete their life cycle, (2) no beetles emerged for 
hibernation from the felled trees. 

The variations in length of life cycle have an im- 
portant effect on the ecology of the Engelmann spruce 
beetle. During years of slow development and re- 
sultant 3-year cycle, a greater chance for mortality 


years 





1961] 


Fic. 4.—Adults and larvae of associates of the Engelmann spruce beetle. <A, 
coetes affaber Mann. C, Polygraphus rufipennis (Kby.) 


occurs. This is an important influence in population 
fluctuations. Another variation of perhaps 
greater importance is the amount of emergence for 
hibernation. A large percentage of the adult beetles 
that hibernate above snowline die before the winter is 
finished; woodpeckers feed on them and tempera- 
tures of about —15° F. will kill them. In contrast, 
larger numbers of those that emerge and hibernate at 
the base of the tree survive. Thus, mortality may be 
much less when a high percentage of the beetles 
emerge to hibernate. 


even 
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Scierus annectans Lec. B 


In felled trees the major cause of mortality may 
be the competition for food, both inter- and intra- 
specific. This factor is obvious in the crowded popu- 
lations in trap trees. However, in most cases a 
larger number of beetles per unit of infested bark 
area survive in the protected felled trees than in 
surrounding infested standing trees. 

The survival of beetles in partially infested stand- 

noncaged bark 
the number that 
The quantity of beetles surviving in wind- 


ing trees was often negligible; in 
areas fewer beetles survived than 
entered. 
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felled trees in surrounding areas was much larger. 

Endemic populations are maintained in scattered 

windfelled trees commonly found in the spruce forests. 
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Pseudosibling Species in the Genus Peltodytes (Coleoptera: Haliplidae)' 


FRANK N. YOUNG 


Department of Zoology, Indiana University, Bloomington 


ABSTRACT 


The eastern North American species of Peltodytes 
sometimes resemble each other very closely in color 
pattern, and are frequently confused in collections. The 
resemblances are presumably due in part to environ- 
mental conditions affecting the development of pigment, 
but may be influenced by other factors. It is suggested 


Sibling species by definition are reproductively 
isolated Mendelian populations, the members of which 
show few or no easily visible differences in body 
structure (Dobzhansky 1951). The general assump- 
tion is that such species are in the process of dif- 
ferentiation from a common genetic pool and that 
reproductive isolation has preceded morphological 
differentiation. The converse of this condition, in 
which the resemblances are due to convergence rather 
than relationship, is particularly common among 
aquatic beetles. That is, species which closely re- 
semble one another externally prove to be extra- 
ordinarily distinct on the basis of genitalia or other 
internal structures, and are probably only distantly 
related. These pseudosibling water beetles doubtless 
result, in part, from convergence influenced by the 
nature of the aquatic environment itself, but other 
evolutionary forces must also be involved, particu- 
larly in regard to color and color pattern. 

In the haliplid genus Peltodytes the species seem 
to be easily separable on the basis of markings and 
a few minor structural characteristics. The apparent 
simplicity is, however, deceptive, and upon close 
examination several of the described species prove to 
be compound. Some of the superficial resemblances 
in color pattern are truly remarkable, considering the 
distinctiveness of the male genitalia. The peculiarity 
of the situation is emphasized by the fact that some 
species may resemble different species in different 
parts of their ranges and, instead of character dis- 
placement taking place, associated species tend to re- 
semble each other. 

Part of the resemblance of different species may be 
attributed to environmental effects, but the correla- 
tions with climatic regions are not exact. For ex- 
ample, P. sexmaculatus Roberts, throughout most of 
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that the bright patterns may be warning coloration, and 
that mimicry could be involved. P. dunavani, P. bradleyi, 
and P. dietrichi are described from the eastern United 
States; P. darlingtoni, from Cuba, is apparently the 
first member of the genus recorded from the West Indies. 


its range in the southern and eastern United States, 
closely resembles duodecimpunctatus (Say) except 
that it lacks the ringed hind femora and angulate 
hind coxal plates of the latter, and never has a sub- 
humeral dash of brown on the elytra. Since duo- 
decimpunctatus sometimes lacks the subhumeral spot 
and may have the femora only vaguely ringed, separa- 
tion of the two on superficial examination depends 
largely on the angulation of the hind coxal plates. 
In Texas, where sexmaculatus occurs together with 
litoralis Matheson, the pattern is reduced, although 
the dark hind femora are unchanged. In peninsular 
Florida, from about the latitude of Gainesville south, 
sexmaculatus has a subhumeral spot of brown or 
black, the pronotal spots may coalesce, the base of the 
sutural band is broad, and the species closely resem- 
bles floridensis Matheson. Around Gainesville, 
Florida, the subhumeral spot occurs frequently, but 
not in all specimens; in western Florida sexmacu- 
latus rarely, if ever, has a subhumeral spot. There- 
fore it is not surprising that in most large collections 
sexmaculatus masquerades under several names, and 
examination of the male genitalia is often necessary 
for the positive identification of this little harlequin. 

Another remarkable case of superficial resemblance 
is that of P. dunavanti, n. 
types is from the type series of sexmaculatus while 
another was identified by W. S. Blatchley himself 
as pedunculatus. In western Florida, southern 
Georgia, and north to Virginia along the Coastal 
Plain, this species is extremely similar in color 
pattern to floridensis, but inland it resembles peduncu- 
latus. From Louisiana west and north, it often re- 
sembles pedunculatus very closely. To the northeast, 
however, it may be confused with shermani Roberts, 
which itself resembles oppositus Roberts in the area 
where the ranges of these species overlap. Along 
the Coastal Plain, dunavani is practically indis- 
tinguishable, except on the basis of the male genitalia, 
and the closest examination, from bradleyi, another 


sp., one of whose para- 
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new species with which the late David Dunavan in- 
cluded it under his manuscript name “neopeduncu- 
latus.” 

The Peltodytes fauna of Florida is particularly 
difficult, and my earlier treatment of it (1954) is 
not satisfactory. Besides dunavani and bradleyi in 
the western part of the state, oppositus, floridensis, 
and sexmaculatus in the peninsula are often con- 
fusingly similar. All of these are best separated by 
the male genitalia. Also in Florida, P. dietrichi, 
n. sp., although relatively easily recognized by its 
different elytral pattern, has been confused with at 
least three other species by various workers. 

It is difficult to imagine mimicry among such 
small beetles, but the striking color patterns may 
represent warning coloration. The large punctures 
of the elytra are actually pits, and under the phase 
microscope can be seen to have ducts, apparently of 
glands, opening into them. It is possible that some 
poisonous or distasteful substance is secreted, which 
may account for the observation that small fish some- 
times take Peltodytes into their mouths and then 
expel them without apparent harm to the beetles. 
If the bright colors are actually warnings, then some 
advantage may accrue from the training of would-be 
predators on a common pattern. In_ peninsular 
Florida, where dark water and dark bottoms 
common, the darker patterns observed may serve the 
purpose of concealment. In any event, further studies 
on the physiology, behavior, and ecology of these 
beetles should be interesting and valuable. 

The following new species are named in honor 
of American coleopterists, in the tradition of C. H. 


are 


Roberts. 


Peltodytes dunavani, new species 
D1raGNosis.—A medium-sized Peltodytes with dark 
hind femora and a distinct spot or dash of dark color 
Superficially simi- 
floridensis, but differing in the distinctive 
male genitalia and in several minor characteristics. 
are of the general type 


on the humerus of each elytron. 


lar to P. 


The male genitalia (fig. 5) 
of floridensis (fig. 4), and the aedeagus is very simi- 
lar in the two species. The parameres, however, differ 
strikingly in lacking the setae characteristic of flori- 
densis. In the latter respect P. dunavani is similar 
to P. oppositus Roberts, but the aedeagus of op- 
positus (fig. 1) is of an entirely different form. 
P. dunavani also closely resembles P. bradleyi, n. sp., 
but differs in minor features of structure and color 
pattern and in the male genitalia. P. dunavani, like 
P. bradleyi, also resembles pedunculatus and was in 
part mistaken for that species by Roberts, Dunavan, 
and Blatchley. The male genitalia of pedunculatus 
(fig. 12), however, are of a different type. In the 
northeastern part of its range dunavani may be mis- 
taken for shermanit in color, but the genitalia are 
entirely different and the dilatation of the basal seg- 
ments of the middle tarsi is much less. 

Hototyre MaLe.—Ovate, widest across the humeri 


of the elytra. Greatest width 2.05 mm.; greatest 
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length 3.64 mm.; width of pronotum at apex 0.74 
mm.; width of pronotum at base 1.45 mm.; length 
of pronotum along mid-line 0.67 mm. Head rather 
narrow between eyes (0.19 mm.), narrower than 
diameter of either eye viewed from above; punc- 
tation moderately coarse and scattered on vertex, 
finer on front and clypeus; clypeus and labrum 
obliquely truncate as usual in genus; brownish-yellow 
at base—front, clypeus, and mandibles darker brown, 
—usual dark brown strip along margin of eye not 
particularly conspicuous. Pronotum shaped and mar- 
gined much as in sexmaculatus Roberts and other 
medium-sized species; posterior angles not exposed, 
more or less conjoined with elytra; punctation on 
disk moderately coarse, some punctures about same 
size as those on vertex of head, but becoming coarser 
the usual very large punctures along 
base and in basal dark spots which each surround 
four or five of these large, pitlike punctures; color 
pale yellow to brownish-yellow, the dark spots on 
base almost black, roughly rounded, and separated by 
about twice the diameter of either (not constant in 
series, but there is little tendency toward formation 
“u’-shaped, conjoined spot). 
Elytra: Outer margin curved from the humerus; 
tip only moderately truncate or outer 
angle rather indistinct and not visible when viewed 
from directly above; each elytron with 11 distinct 


toward base; 


of a wide, “v’- or 


excised, the 


striae of deep, pitlike punctures, all of which are 
darkened or almost black except for a few punctures 
in middle of 10th and 11th striae; 4th and 5th striae 
(counting laterad suture) interrupted before 
middle of elytron and with a few large punctures in 
tercalated between them at the base; a short stria of 
finer punctures intercalated between first (sutural) 
and second striae, extending as scattered punctures 
onto the disk; punctures of all striae becoming finer 
behind middle of elytra but not losing their serial 
arrangement entirely until near the apex; large punc- 
tures at base of elytra not confluent, but an irregular, 
ridge runs from suture out to about the sixth 


from 


low 
stria, anterior to basal punctures (not characteristic 
of entire series); basal portion of conjoined elytra 
and adjacent portion of pronotum only slightly de- 
pressed; elytral dark markings distinct, most well- 
separated from another on the yellow back- 
ground, distributed on each elytron approximately 
(1) Suture broadly bordered with black 


one 


as follows: 
at base, the border extending to the first stria from 
base to (2) postmedian discal blotch which is broadly 
joined to the sutural border and extends outward 
to the fifth stria; behind the postmedian discal blotch 
the sutural border narrows and then expands again 
just before the tip into the usual small, triangular 
blotch which, conjoined with that of the opposite 
elytron, forms a rough arrow point. (3) Base of ely- 
tron narrowly black out to sixth stria, mostly con 
fined to basal ridge and adjacent punctures and not 
expanded into a median basal blotch at outer end 
(4) Premedial discal blotch irregular, extending from 
third to include punctures of sixth stria. (5) sub- 
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Male Genitalia of Various Species of Peltodytes 


(Structures all to same scale in all figures, prepared from camera-lucida drawings. All views lateral 
unless otherwise noted. ) 


Fic. 1.—Peltodytes oppositus Roberts, Jacksonville, Florida, ex Roberts Collection, AMNH, compared with 
type: right paramere, aedeagus, rotated left paramere, left paramere. 

Fic. 2.—P. sexmaculatus Roberts, Charlottesville, Virginia: right paramere, aedeagus, left paramere. Stippled 
area in this and following figures represents a thin membrane. 

Fic. 3.—P. shermani Roberts, paratype from Ramsay, New Jersey, ex Roberts Collection, AMNH: same as 2. 

Fic. 4.—P. floridensis Matheson, paratype from Sanford, Florida, in CU: right paramere, dorsal view of 
aedeagus, lateral view of aedeagus, rotated left paramere, left paramere. Note the unique setae on parameres. 
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humeral blotch covering the basal eight or nine 
punctures of the 9th, 10th, and 11th striae and al- 
most touching the epipleural border (subhumeral 
blotch more reduced in some specimens). (6) Post- 
medial lateral blotch, extending from 7th to 10th 
striae. (7) preapical lateral blotch large, extending 
to stria of punctures (presumably the 11th) above 
epipleural margin. (8) Median and (9) preapical 
blotches distinctly separated and small. Venter yel- 
lowish to brownish; tarsi, trochanters, joints, etc., 
darker, as usual; hind femora dark brown, not ringed; 
middle and hind tibiae dark at tips, hind pair very 
feebly iridescent black at base; prosternal process 
rather narrow, distinctly margined laterally and at 
apex, the lateral margin rather abruptly constricted 
in front of anterior coxae; mid-metasternum not con- 
spicuously depressed, with a few large, irregular, 
and confluent punctures; mid- 
metasternum with deep fovea inside them, the fovea 
extending more than half-way to antecoxal 
(variable in series); width of mid-metasternum at 
middle coxae less than in either floridensis or brad- 
leyi; antecoxal piece with moderately large punc- 
tures irregular transverse 
(variable in hind coxal plates 
evenly punctate, the hind margins perceptibly but 
angulate; last visible abdominal 
sternite shining, not perceptibly 
even under 60x magnification, not carinate at mid- 
dle; basal segment of fore, and particularly of mid- 
dle, tarsi enlarged and with specialized setae below; 


side margins of 


piece 


arranged in two rows 


series ) ; coarsely, 
not conspicuously 


smooth, punctate 


enlargement of basal segment of middle tarsus about 
as in Oppositus, stronger than in floridensis, weaker 
than in shermani hind with 
two setae on lower face (probably aberrant because 


Roberts ; femora each 
most specimens have three or four). 
ALLOTYPE FEMALE.—Similar to male in color pat- 
tern and punctation except for minor differences: 
punctures of antecoxal piece not in regular trans- 
basal segment of middle tarsus enlarged, 
about as in males of sexmaculatus, not as strongly 
shermani, but 


verse rows; 
enlarged as in female of more en- 
pedunculatus, and about the same as in females of 
larged than in females of oppositus, floridensis, or 
bradleyi; size slightly smaller than holotype; greatest 
width 2.05 mm.; greatest length 3.57 mm.; width 
of pronotum at apex 0.74 mm.; width of pronotum 
at base 1.47 mm.; length of pronotum at mid-line 
0.67 mm. 

Variation.—The large series before me shows rela- 
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tively little conspicuous variation except in color 
pattern. In some specimens the sutural dark border 
is incomplete or narrowed at the base, as in peduncu 


latus, and the blotch is sometimes 


postmedian 


separated from the sutural border or only narrowly 


connected. This reduction of the pattern is most 


irequent in specimens from the northern extremi- 
ties of the range, but occurs rarely even in speci- 
mens from Louisiana. Light-colored specimens from 
the latter state were the basis for Roberts’ (1913) 
concept of pedunculatus. In southern Georgia and 
the outer Coastal Plain the pattern is more intense 
and the ground color darker. 

Habitat—P. dunavani has been collected in a wide 
variety of lotic and lenitic situations. It is definitely 
less restricted to streams than bradleyi. 

Holotype male: NortH Caro.ina: Bertie County, 
Salmon Creek Eden House, vii.24.1959, F.N 
Young, in University of Michigan Museum of 
Zoology (UMMZ). Allotype female: NortH Caro 
LINA: Camden County, Dismal Swamp, vii.24.1959, 
F.N.Y., in UMMZ. Paratypes: 32 
holotype, and 152, 219, same data as allotype, will 
be distributed to the following museums: Cornell 
University (CU), California Academy of 
(CAS), United States National Museum (USNM), 
American Museum of Natural History (AMNH), 
Museum of Comparative Zoology (MCZ), Snow Mu- 
seum, University of Kansas (SM), British Museum 
(Natural History) (BM), Illinois Natural History 
Survey (INHS), Chicago Natural History Museum 
(CNHM), Philadelphia Academy of Sciences (PA), 
Ohio State University (OSU), and the UMMZ. 

Additional paratypes are designated as_ follows. 
Unless otherwise indicated, they were collected by 
F. N. Young and are in the UMMZ. 

ALABAMA.—Autauga Co., Prattsville,  viii.21.30, 
P. W. Oman (USNM, 14). Mobile Co., Mobile, 
viLOASZ/; FP. }. Darlington; Je: (MCZ,.146, 12): 
Ft. Merg, R. H. Beamer (SM, 146,29). ARKANSAS 
—Hempstead Co., Hope,  vi.5.26, Knoble 
(MCZ, 14). Ftoripa.—Jackson Co., near Butler, 
vi.10.54 (24). Liberty Co., Hosford, vi.1.41 (14 ). 
GeorciA.— Baker Co., Elmodel, x.29.38 (24 ); near 
Newton, x.29.38 (192). Ben Hill Co., near Fitz- 
gerald, vii.13.60 (14). Berrien Co., near Alapaha, 
vii.13.60 (282 9). Bleckley Co., Little Ocmulgee 
River northeast of Cochran, vii.13.60 (464 2). Col- 
quitt Co., near Funston, x.28.38 (12, 22). Deca- 
tur Co., near Bainbridge, x.30.38 (1¢). Hart Co., 


near 


same data as 


Science 


Louise 


Fic. 5.—P. dunavani n. sp. paratype from near Vanceboro, North Carolina: same as 4. Note lack of setae or 


membrane. 
Fic. 6.—P. 
of membrane on left paramere. 


bradleyi n. sp., holotype from Spring Creek, Georgia: same as 4. Note lack of setae but presence 


Fic. 7.—P. tortulosus Roberts, Ithaca, New York, in CU; same as 2. 


Fic. 8.—P. dietrichi n. sp., paratype from Seminole County, Florida, in UMMZ: same as 2. 


Fic. 9.—P. 


darlingtoni n. sp., paratype from Candelaria, Cuba, in MCZ: same as 2. 


? 
> 


Fic. 10.—P. litoralis Matheson, Sunflower, Kansas, compared with type in CU: same as 2. 
Fic. 11.—P. lengi Roberts, topotype from Staten Island, New York, compared with type in Roberts Collection, 


AMNH: same as 2. 


Fic. 12.—”. pedunculatus (Blatchley), Porter County, Indiana, compared with type in Blatchley Collection, 
Purdue University: right paramere, dorsal view of aedeagus, lateral view of aedeagus, left paramere. 
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Nuberg, viii.25-26.59 (26, 29). Irwin Co., south 
of Ocilla, vii.13.60 (1172 2). Jefferson Co., near 
Wadley, viii.24.59 (12). Laurens Co., south of 
Dublin, vii.13.60 (122 9). Pulaski Co., south of 
Hawkinsville, vii.13.60 (58692). Seminole Co., 
north of Chattahoochee, vi.8.54 (12). Telfair Co., 
northeast of Jacksonville, vii.14.60 (146 2). In- 
DIANA.—Monroe Co., Bloomington, v.19.56, J. L. 
Jeffrey (UMMZ, 26, 29). Kentucky.—Hender- 
son Co., Henderson, iii.11.28, M. Y. Marshall 
(UMMZ, 26, 192). Lourstana.—(No other data; 
MCZ, 12 ). Caddo Par., Shreveport, x.16.21, W. J. 
Clench (UMMZ, 12). Livingston Par., Denham 
Springs, vi.20.38, H. W. Crowder (USNM, 14; 
SM, 2é, 32). Plaquemines Par., Buras, vi.21.48, 
H. W. Crowder (USNM, 192). St. Landry Par., 
Opelousas, v.11-27.1897, E. A. Eddy (MCZ, 86 @ ). 
St. Tammany Par., Covington, ex topotype series of 
P. sexmaculatus Roberts (AMNH, 246, 22). Winn 
Par., Winnfield, vii.2-3.1918, G. R. Pilate (MCZ- 
Fall Coll, 13, 192; UMMZ, 13, 22). NortH 
CaroLina.—Craven Co., near Vanceboro, vii.24.59 
(62,109). Martin Co., near Williamston, vii.24.59 
(62, 42). Pasquotank Co., near Elizabeth City, 
vii.24.59 (1g, 12). SournH Caroitina.—Clarendon 
Co., Gable, viii.13.32, xi.3.44, O. L. Cartwright 
(USNM, 24,62 ; CAS, 22% 29; UMMZ, 23,22); 
Silver, viii.29.31, O. L. Cartwright (USNM, 14, 
19). Florence Co., Florence, viii.30.31, O. L. Cart- 
wright (14). Hampton Co., Whippy Swamp near 
Crocketville, xi.2.32 L. Cartwright (654 9). 
Kershaw Co., Camden, vi.23.29, P. J. Darlington, 
Jr. (MCZ, 14). Lee Co., Lynchburg, iii.4.32, O. L. 
Cartwright (USNM, 34, 1092). Marlboro Co., 
Bennettsville, viii.29.32, O. L. Cartwright (USNM, 
2249). Richland Co., Columbia, vii.22.32, O. L. 
Cartwright (USNM, 1124, 2092); Pontiac, x.8.31, 
O. L. Cartwright (USNM, 12). Texas.—(No 
other data), E. A. Eddy Coll. (MCZ, 12). Peeler, 
vi.22.38, D. W. Craik (USNM, 12). Vuircinta. 
—Dismal Swamp, viii.8.34, P. McKinstry (USNM, 
12). Nansemond Co., near Kings Fork, vii.23.59 
(14, 592). Norfolk Co., near Grassfield, vii.24.59 
Ren): 

I have also seen material probably representing 
dunavani, but mostly females, from the following 
places. Alabama: Cherokee Co. (UMMZ, 1); Mo- 
bile Co. (USNM, 10). Arkansas: Hempstead Co. 
(UMMZ, 1). Florida: Jackson Co. (UMMZ, 1); 
Liberty Co. (UMMZ, 1). Georgia: Toombs Co. 
(USNM, 1). Indiana: Greene Co. (UMMZ, 1). 
Illinois: Jackson Co. (CNHM, 1). Louisiana: Pla- 
quemines Par. (SM, 1). Mississippi: George Co. 
(CU, 1). Missouri: Cape Giradeau Co. (USNM, 1). 
South Carolina: Aiken Co. (USNM, 1); Kershaw 
Co. (MCZ, 3); Marlboro Co. (USNM, 24); New- 
berry Co. (USNM, 1); Richland Co. (USNM, 1). 
Texas: (USNM, 1; MCZ, 1); Cameron Co., 
Brownsville (USNM, 1). Virginia: Dismal Swamp 
(SM, 1). 

This species is named in honor of Professor David 
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Dunavan, of Clemson College, South Carolina, who 
studied the Haliplidae for many years. Unfortunately, 
he died suddenly in 1956 without publishing the re- 
sults of his study, and part of his collection was 
damaged or lost. 


Peltodytes bradleyi, 


DiaGnosis.—A medium-sized Peltodytes with dark 
hind femora and a distinct humeral spot or dash of 
dark color on each elytron; superficially very similar 
to dunavani and floridensis but easily distinguished 
by the male genitalia (fig. 6), which lack the lateral 
projection or hook on the aedeagus and of which the 
right paramere has a terminal membrane but no pro- 
jecting setae; also distinguished by the narrow su- 
tural border which usually does not extend to the 
first stria of punctures and by the generally more re- 
duced dark markings of the elytra. The irregular, 
intercalated series of punctures between the first and 
second major elytral striae, characteristic of duna- 
vant and floridensis, is reduced or absent in bradleyi. 
Also superficially similar to sexmaculatus, but usually 
distinguishable, where the two occur together, by 
the humeral spot of bradleyi as well as by the dis- 
tinctly different genitalia. Also superficially similar 
to pedunculatus but differing in male genitalia and 
slightly in body shape; also, the two do not seem to 
occur together, pedunculatus being restricted to the 
north-central states and bradleyi to the southeastern 
Coastal Plain. 

Ho.totyrE Mare.—Oblong-ovate, widest at about 
basal third of elytra. Greatest width 1.97 mm.; 
greatest length 3.36 mm.; width of pronotum at apex 
0.75 mm., at base 1.39 mm.; length of pronotum 
along mid-line 0.67 mm. Head rather narrow be- 
tween eyes, narrower than diameter of either eye, 
relatively a little narrower than in either dunavani 
or floridensis ; pale yellow at base—front, clypeus, and 
mandibles light brown,—usual dark stripe along mar- 
gin of eye inconspicuous. Pronotum shaped and mar- 
gined much as in duncvani, relatively narrower than 
in floridensis; posterior angles not exposed; puncta- 
tion moderate, about as in dunavant, somewhat finer 
than in floridensis; five or six larger punctures in 
each basal dark spot; pale yellow, with the usual 
deep brown or almost black basal spots, these spots 
roughly triangular, widest along base, separated by 
about the width of one of them. ( Vague flecks of pig- 
ment extending inward from the basal spots suggest 
that occasional specimens may have the spots fused 
to form a “V” or “U” as in some specimens of 
sexmaculatus from peninsular Florida, but none of 
the type series shows this condition.) Elytra shaped 
about as in dunavani, broadest at basal third, with 
sides arcuate and tip not deeply excised; no tooth 
or prominent outer angle; each elytron with 11 dis- 
tinct striae of large punctures, all of which are 
darkened except a few at middle of the 11th stria; 
fourth stria interrupted before the middle of the 
elytron; punctations of all striae becoming finer 
behind the middle but not particularly confused ; only 


new 


species 
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a few punctures intercalated between the first and 
second major striae toward the apex, none on disk; 
basal punctures of elytra larger, as usual, but not 
confluent ; basal portion of conjoined elytra and basal 
portion of pronotum only slightly depressed; elytral 
dark markings well separated on a yellowish back- 
ground, about as follows: (1) Suture narrowly and 
sharply bordered with black from base to apex, where 
it expands to form the usual triangular blotch. (2) 
Postmedian discal blotch distinct, elongate, but small, 
covering only part of second and third striae, and 
only vaguely connected with sutural border which is 
slightly extended outward opposite it. (3) Base of 
elytron narrowly darkened out to basai punctures of 
sixth stria; no expansion into a spot at outer end. 
(4) Premedial discal blotch small, distinct, extending 
from third stria outward to include punctures of 
sixth stria. (5) Subhumeral blotch covering the 
basal six or seven punctures of the 9th and 10th 
striae, but not reaching the 11th. (6) Postmedial 
lateral blotch extending from 7th to 10th striae. (7) 
Preapical lateral blotch small, distinct. (8) Median 
and (9) preapical blotches also small and distinct, 
farther apart than in dunavani. (The elytral mark- 
ings are quite similar to those of typical sexmacu- 
latus, except for the well-developed subhumeral 
blotch.) Venter pale yellow to light brown; tarsi, 
trochanters, etc., darker, as usual; hind 
femora brown, not r < knee; middle and 
hind tibiae dark at tips, but not darkened nor irides- 
cent at base; prosternal process distinctly margined 


somewhat 


below 


laterally and at apex, the margin constricted in front 


of anterior coxae; mid-metasternum depressed, mod- 
erately, coarsely punctate with larger foveate punc- 
tures at middle, side margins extending nearly to 
antecoxal piece, mid-metasternum at middle wider 
than in dunavani; antecoxal piece moderately punc- 
tate, the punctures arranged in two transverse rows: 
hind coxal pieces coarsely, evenly punctate, their 
posterior margins barely perceptibly angulate; last 
visible abdominal sternite smooth, shining, not per- 
ceptibly punctate even at 60x magnification and not 
carinate at middle; basal segments of anterior and 
middle tarsi enlarged, about as in dunavani, and with 
specialized setae beneath; hind femora each with 
three setae on lower face. 

ALLoTYPE FEMALE.—Very similar to holotype ex- 
cept for minute differences in distribution of dark 
pigment and the secondary sexual characters; basal 
segments of middle tarsi dilated about as in females 
of dunavani; size slightly larger than holotype; great- 
est width 2.23 mm.; greatest length 3.53 mm.:; width 
of pronotum at apex 0.75 mm., at base 1.51 mm.; 
length of pronotum along mid-line 0.67 mm. 

Variation and Habitat—The variation in this spe- 
cies seems to be rather slight; only one specimen in 
the series has the color pattern conspicuously more 
expanded than in the type. This possibly is due to 
its restricted habitat, which apparently is calcareous 
springs and spring runs. All specimens seen from 
Georgia and Florida came from such situations. The 
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habitats of the Carolina specimens are unknown. The 
peculiar Spring Creek from which the species was 
first recognized is now partly destroyed (including 
the type locality at Georgia Highway 253) by the 
impoundment of the Jim Woodruff Dam at the con- 
fluence of the Flint and Chattahoochee Rivers. 
Spring Creek at Georgia Highway 253 is also the 
type locality of Hydroporus dixianus Fall, and was 
described in detail (Young 1955) in connection with 
studies on that species. P. bradleyi seems to be an- 
other relict species of peculiar and restricted habi- 
tat. The distribution may be similar to that of the 
long-suppressed Anopheles perplexens Ludlow, which 
occurs only in highly calcareous springs (see Bellamy 
1956). 

Holotype, allotype, and 31 paratypes all from 
GeorGia: Decatur Co., Spring Creek west of Bain- 
bridge, June 7-23, 1911, J. Chester Bradley. Holo- 
type, allotype, and 15 paratypes in entomological col- 
lection of Cornell University, Ithaca, New York; 
other paratopotypes distributed to the following mu- 
seums: AMNH, CAS, MCZ, UMMZ, USNM, and 
SM. 

Additional 
GrorGIA.—Decatur Co., Spring Creek west of Bain- 
bridge, vi.7-23.1911, J. C. Bradley (USNM, 12); 
viii.26-28.1913, J. C. Bradley (CU, 29 ); vi.8-9.1954, 
F. N. Young (UMMZ, 34,19); Four Mile Creek 
southwest of Bainbridge, vi.11.1954 (UMMZ, 19°). 
Emanuel Co., Swainsboro, v.31.1931, P. W. Fattig 
(USNM, 12). Nortn Carorina.—Bertie Co., 
Windsor, x.21.1924, C. S. Brimley (USNM, 12). 
Wake Co., Wendell, v.30.1933, C. S. Brimley~ 
(USNM, 22). Soutn Caroitina.—Berkeley Co., 
Moncks Corner, viiti.19.1931, O. L. Cartwright 
(CNHM, 1¢ ; USNM, 39). Florence Co., 
vii.2.1930, D. Dunavan (USNM, 14). Hampton 
Co., Crocketville, xi.2.1932, O. L. Cartwright 
(USNM, 22 ). Lee Co., Lynchburg, 111.4.1932, O. L. 
Cartwright (USNM, 14 ). Marlboro Co., Bennetts- 
ville, viii.29.1932 (USNM, 12). Richard Co., Pon- 
tiac, x.8.1931, O. L. Cartwright and J. O. Watts 
(USNM, 146, 29): Columbia, Gills Creek, vii.22.- 
1932, O. L. Cartwright (USNM, 346, 12). Sum- 
ter Co., Sumter, 111.3.1932, O. L. Cartwright (14, 
19). All specimens in the USNM are from the 
David Dunavan collection, and most were determined 
by him as “pedunculatus Blatchley.” 

I have also seen material, probably representing 
bradleyi but all females, from the following localities. 
Georgia: Decatur Co., Four Mile Creek southwest 
of Bainbridge, vi.11.1954 (UMMZ, Seminole 
Co., Frog Pond north of Chattahoochee, vi.8.1954 
(UMMZ, 2). Florida: Gadsden Co., Glen Julia 
Springs, vi.6.1954 (UMMZ, 3). South Carolina: 
Aiken Co., Graniteville, x.25.1930,  D. 
(USNM, 1); Graniteville, Gregg Park Lake, x.25.- 
1930, D. Dunavan (USNM, 1); Beaufort Co., 
Yemassee, x.31.1931, O. L. Cartwright (USNM, 2); 
Hampton Co., Crocketville, Whippy Swamp, xi.2.1932, 
O. L. Cartwright (USNM, 20). 


paratypes are designated as_ follows. 


Florence, 


Ze: 


Dunavan 
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This species is named in honor of Professor 
J. Chester Bradley, of Cornell University, whose 
contributions are of primary importance to the study 


of the North American Coleoptera. 


Peltodytes 


Peltodytes lengi, nec Roberts, Young, 1954, Water 
3eetles of Florida, p. 136 (Alachua County Florida). 
Dr1aGNosis.—A moderately large Peltodytes with 

pale or vaguely ringed hind femora and no spot 

or dash of dark color on the humerus of the elytra. 

Superficially similar to P. tortulosus Roberts, but 

readily distinguished by the male genitalia (fig. 8), 

by the flattened and depressed, rather than hump- 

backed, appearance of the dorsum, and by the lack 
of confluent large punctures on the elytral bases. 

P. dietrichi is separable from P. lengi by its generally 

larger size, different male genitalia, the joint de- 

pression of the elytra and pronotum (which gives 
the dorsum of dietrichi a dished-out appearance), 
the different color pattern, and the hind femora which 
in dietrichi are much paler and only vaguely ringed 


dietrichi, new 


species 


with yellow. 

Ho.totyrpeE Mare.—Oblong-oval, widest at about 
middle of elytra. Greatest width 2.1 mm.; greatest 
length 3.9 mm.; width of pronotum at apex 0.78 mm., 
at base 1.58 mm.; length of pronotum along mid- 
line 0.73 mm. Head rather narrow between 
narrower than diameter of either relatively 
narrower than in either tortulosus or lengi; puncta- 
tion rather fine, somewhat denser than in tortulosus 
but less dense than in lengi; yellowish at base—not 
at all infuscate as in tortulosus,—blending to brown 
on front, clypeus, and mandibles, with the usual dark 
brown stripe along edge of eye. Pronotum with mar- 
gin rather broad, broader than in lengi but not as 


eyes, 
eye, 


broad as in tortulosus; posterior angle exposed as in 
tortulosus, not continuous with epipleura as in lengz; 
punctation moderate on anterior portion, basal punc- 
tation about as in tortulosus; base depressed at mid- 
dle; generally yellowish in color, with basal dark 
markings forming a large, shallow “U” or “V.” 
Elytra broadest about middle of length; sides rela- 
tively straight, not tapering to tip until past middle; 
tip obliquely truncate and complexly involuted, the 
outer angle distinct but not produced; each elytron 
with 11 striae of deep, pitlike punctures, all of 
which are darkened except those at base of 10th and 
11th striae; fourth stria interrupted at middle, a few 
intercalated punctures between it and fifth stria at 
base; punctures of striae becoming smaller behind 
middle of elytron and the striae becoming confused 
or irregularly spaced as in tortulosus; large punc- 
tures at base of elytron not confluent; conjoined ely- 
tral bases and adjacent portion of pronotum de- 
pressed, giving a dished-out rather than a hump- 
backed appearance; elytral dark markings mostly dis- 
tinct, distributed on the generally testaceous or light 
brown background approximately as follows: (1) 
Suture narrowly and sharply bordered with black, 
the border not united with the postmedial discal spot 
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but triangularly expanded toward the tip as usual, 
sutural border extending laterad at base less than 
half-way to first stria of punctures. (2) Postmedial 
discal spot or blotch large, covering or extending 
to punctures of second, third, and fourth striae but 
not united with sutural border; first and 
striae of punctures covered by narrow, irregular 
stripes, of which the first is very narrowly separated 
from sutural border, both uniting with postmedial 
spot posteriorly (other striae, except outer one, also 
rather heavily pigmented and suggesting stripes, but 
interrupted). (3) Base of elytron narrowly black an- 
terior to basal punctures and confluent with them out 
to about the 10th stria; no spot at end or mesially. 
(4) Premedial blotch rather small, extending ir- 
regularly from third across interruption of fourth to 
include punctures of sixth stria. (5) Basal punctures 
of 10th and 11th striae not darkened ; no indication of 
a subhumeral blotch. (6) Postmedial lateral blotch 
large, extending from punctures of 7th to 10th striae. 
(7) Preapical lateral, (8) and (9) pre- 
apical blotches small, separated. Venter yellow to 
light brown in color—trochanters, joints, etc., darker 
brown; middle and hind tarsi tipped with dark brown, 
tips of hind tarsal segments touched with brown on 
dorsal side; hind femora brown, with lighter areas 
below the knee suggesting the ring of lengi, but 
easily recognized as pale brown (lighter than in any 
other species in eastern area but darker than in 
litoralis Matheson); _ prosternal distinctly 
margined at sides and apex, base relatively broader 
than in lengi or tortulosus; mid-metasternum rela- 
tively flattened or depressed, not tumid as in tortu- 
losus, moderately coarsely punctate, with some larger 
punctures or foveate punctures along margins which 
extend less than half-way to antecoxal pieces; ante- 
coxal piece moderately finely and evenly, transversely 
punctate; hind plates moderately 
evenly punctate, their posterior margins barely per- 
ceptibly angulate; last abdominal _ sternite 
smooth, shining, not perceptibly punctate at 60x 
magnification, and not carinate; basal segments of 
fore and middle tarsi only slightly enlarged, but with 
specialized setae beneath, similar to those in tortu- 
losus; hind femora with three setae on lower face on 
left side, four setae on right. 

ALLOTYPE FEMALE.—Similar to male, but 
what smaller. Greatest width 2.2 mm.; greatest length 
3.7 mm.; width of pronotum at apex 0.81 mm., at 
base 1.48 mm.; length of pronotum along midline 
0.68 mm. The color pattern is much the same, but 
there are no punctures intercalated between fourth 
and fifth striae at base. 

Variation—The type series from Florida varies 
considerably in size, the smallest males measuring 
barely 3.3 mm. in length, the largest females 4.0 
mm. or The color pattern is sometimes ex- 
panded so that the first strial stripe is irregularly 
united with the sutural border, and the latter with 
the postmedian discal blotch. The basal pronotal 
spots rarely are separated in Florida specimens. The 


second 


median, 


process 


coxal coarsely, 


visible 


some- 


over. 
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punctures between the fourth and fifth striae at the 
base apparently are erratic and not developed in all 
specimens. In addition to the types, I have seen speci- 
mens from New Jersey: Cape May Co., Cape May 
Court House, viii.30, H. W. Wenzel (OSU, 9) 
and Delaware: Sussex Co., Bombay Hook (USNM, 
1; CNHM, 1), vi.2.1954, C. A. Triplehorn (USNM, 
1); Bethany Beach, vii.4.1912 (CNHM, 1), in which 
the dark markings are reduced, the pronotal spots 
separated, and the hind femora very pale. A single 
female from Mississippi: Horn Island, vi.14.1944, 
E. A. Richmond (USNM) also has the dark mark- 
ings somewhat reduced. A single male from Florida: 
Wakulla Co., Wakulla, viii.30.1938, E. L. Todd 
(USNM) seems to be abnormally shaped and marked. 

Habitat—The distribution of dietrichi in Florida, 
and the aberrant specimens from Delaware, New 
Jersey, and Mississippi, suggest that it is a coastal 
species, although not restricted to brackish water. 
In Florida it occurs in slowly flowing canals and 
streams, as well as lenitic situations. 

Holotype Male, Allotype Female, and 17 Paratypes, 
FLrortpA: Dade Co., Miami (canal in western 
suburbs), viii.28.1950, F. N. Young. Holotype and 
allotype deposited in entomological collection of Cor- 
nell University; paratypes to be distributed to 
UMMZ, MCZ, AMNH, CNHM, CAS, USNM, 
and other museums. 

Additional paratypes are designated as 
Froripa: Alachua Co., Arm of 
Prairie near Gainesville, iii.12 to xi.5.1946, W. M. 
Beck (UMMZ, 8); Gainesville, xii.14.37, H. B. 
Hungerford (SM, 1); Gainesville, ii1.13.37 (F. N. 
Young, 2; basis of Florida record of lengi, Young 
1954); Lake near Micanopy, viii.20.1959 (UMMZ, 
5). Broward Co., Canal near Davie, ix.9.1950, 
(UMMZ, 2). Charlotte Co., Punta Gorda, iv.10-15.- 
1940, H. Ramstadt (CNHM, 1). Citrus Co., Inver- 
ness, viii.7.1940, J. C. Bradley (CU, 1). Dade Co., 
Homestead, vii.20.1948, R. H. Beamer (SM, 1); 
Miami, viii.20.37 (UMMZ, 1); Miami, F. N. Young 
(fresh-water canal) (USNM, 1); Snapper Creek 
near Kendall, viii.6.1959 (UMMZ, 2). DeSoto Co., 
Nocatee, 11.19.1937, J. C. Bradley (CU, 1). Duval 
Co., Jacksonville, various dates (AMNH, CAS, 
USNM, 16). Hendry Co., LaBelle, iii.13.1947, L. D. 
Seamer (SM, 1). Highlands Co., Brighton-Okeecho- 
bee, vi.16.1929, P. J. Darlington, Jr. (MCZ, 1). 
Hillsborough Co., Lithia Sulfur Springs, iii.16.1940 
(USNM, 1); Tampa, Blue Sink, iv.10.1948, D. J. 
Downes (UMMZ, 1). Lake Co., near Orlando, 
i.12.1938, H. B. Hungerford (SM, 5). Lee Co., 
Stream near Bonita Springs, viii.15.1959 (UMMZ, 
1). Manatee Co., Oneco, iv.1.1954, D. M. Anderson 
(CU, 1). Marion Co., iii.26.1954, F. W. Mead 
(Florida State Plant Board, 1). Martin Co., Stuart, 
vi.25.1951, Bryant (CAS, 11; UMMZ, 2). Okeecho- 
bee Co., Okeechobee, iii.19.1943, W. Proctor (CAS, 
1). Osceola Co., Kissimmee, vii.4, P. N. Musgrave 
(CAS, 1). Palm Beach Co., iii.25.1943, W. Proctor 
(CAS, 1); Lake Worth, Liebeck collection (MCZ, 


follows. 


Bivins Payne’s 


YOUNG: PSEUDOSIBLING SPECIES IN Peltodytes 221 


1); Lake Worth (AMNH, 2; UMMZ, 1) ; Okeecho- 
bee, iii.12.1943, W. Proctor (CU, 3). Pinellas Co., 
Dunedin, ii.20.1918, W. S. Blatchley (Purdue Uni- 
versity, 2) ; Dunedin, iii.6-iv.16.1925, W. S. Blatch- 
ley (CU, 2); St. Petersburg, iii-iv.1922, iii.17.1925 
(CU, 19); St. Petersburg, iv.4.1922, iii.28.1925, Fall 
collection (MCZ, 5). Sarasota Co., Sarasota, 
ii.7.1945, J. G. Needham (CU, 1); Sarasota, iv.1.- 
1951, Bryant (CAS, 3); Sarasota, 111.22.1930, J. G. 
Gehring (MCZ, 1); Englewood, iii.1914, J. G. Need- 
ham (CU, 1). Seminole Co., Sanford, J. D. Sher- 
man (USNM, 3); Sanford (AMNH, 4: UMMZ, 1); 
Sanford ?, ii.22.1941, M. Wright (OSU, 4; UMMZ, 
2). Taylor Co., near Perry, viii.18.1955 (UMMZ, 1). 
Volusia Co., Enterprise, v.25, Hubbard and Schwartz 
(USNM, 1). Wakulla Co., vi.30.1948, E. L. Todd 
(SM, 1). 

I take pleasure in naming this distinctive species 
for Professor Henry Dietrich, of Cornell University, 
to whom I am indebted for many kindnesses. 


Peltodytes 


DiaGNnosis.—A moderately large Peltodytes with 
pale brown hind femora and with no subhumeral 
blotches or spots on the elytra. Similar to P. diet- 
richi in general appearance and in the male genitalia 
(fig. 9), but differently proportioned and more con- 
vex, less strongly punctate, and with the dark mark- 
ings of the pronotum and elytra more restricted and 
sharply defined. The similarity to dietrichi is strik- 
ing, and this form may prove to be only an insular 
subspecies. This seems to be the first species of 
Peltodytes recorded from the West Indies. 

HoLotyrPpeE Mate.—Oblong-oval, with sides of ely- 
tra tapering from the base so that the greatest width 
is nearer the base than the middle. Greatest width 
2.1 mm.; greatest length 3.70 mm.; width of prono- 
tum at apex 0.78 mm., at base 1.58 mm.; length of 
pronotum along mid-line 0.73 mm. In general, very 
simliar to dietrichi, except as follows: Basal dark 
spots of pronotum triangular and well-separated, the 
punctures on their outer margins relatively larger 
than in dietrichi and partly coalescent. Elytra taper- 
ing more gradually from base; pitlike punctures of 
striae finer and more regular, all blackened except 
those at middle of outer striae; dark markings sharply 
defined; sutural border more intensely black; post- 
medial discal blotch solidly united with sutural bor- 
der, the stripes on first striae broad, barely separated 
from sutural border; postmedial spots closer together 
than in dietrichi, but well-defined. Male secondary 
characters and venter similar to those of dietrichi: 
three setae on lower face of each hind femur, these 
femora pale brown. 

ALLOTYPE FEMALE.—Similar to male, but slightly 
larger. Greatest width 2.27 mm.; greatest length 3.75 
mm.; width of pronotum at apex 0.91 mm., at base 
1.67 mm.; length of pronotum at mid-line 0.81 mm. 

Variation—The type series is quite uniform in 
structure, but there is some variation in color. The 
pronotal blotches are moderately extended along the 
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base in some specimens, suggesting the fusion seen 
in Florida specimens of dietrichi. The postmedial 
discal blotch is united with the sutural border in all 
specimens. The striae, except the first, are not con- 
spicuously striped as they are in dietrichi, some speci- 
mens of which suggest the West Indian Haliplus 
robustus Sharp in this respect. 

Holotype, Allotype, and Seven Paratypes, Cusa: 
Candelaria (Pinar del Rio), viii.25.1936, P. J. Dar- 
lington, Jr. Holotype, allotype, and four paratypes 
in MCZ, two paratypes in UMMZ, one paratype in 
CU: 

This species is named in honor of Dr. P. J. Dar- 
lington, Jr., Curator of Insects of the Museum of 
Comparative Zoology, Harvard University, to whom 
I am especially indebted for help with my research 
on aquatic beetles. 

I am currently attempting a review of the North 
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American species of Peltodytes, and will be happy to 
receive material for identification. 
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ABSTRACT 


In California Microterys flavus How. occurs as an 
internal parasite of Coccus hesperidum L., but does not 
attack Saissetia oleae (Bern.). The species probably was 
an early accidental import from the Orient, where it 
effectively attacks C. hesperidum and some allied lecani- 
ine scale species. A race of M. flavus imported from 
West Pakistan was found to attack S. oleae, but other- 
wise did not differ from the California race of the para- 
The propagation and release in California of the 


site. 
The distinctive 


Pakistan race of M. flavus is described. 
host-preference pattern for S. olcae by the Pakistan race 
was examined when no other hosts were available and 
when a free choice of hosts was provided, and com- 
parisons were made with the host-preference pattern of 


Microterys flavus How. is known in California 
primarily as an internal parasite of brown soft scale, 
Coccus hesperidum L. Ordinarily the parasite is 
relatively rare on this host, being found only in the 
more humid coastal districts, but on occasion after 
treatment of citrus orchards with parathion it may 
gain a temporary advantage over competing para- 
sites and for a while become abundant. In California 
the species has never been taken by the authors from 
any host other than C. hesperidum. However, Tim- 
berlake (1913) has listed it as a parasite of Lecanium 
corni Bouché, and Compere (1924) has recorded it 
from C. pseudomagnoliarum Kuw. in California. The 
species is believed to have been an early accidental 
import into the United States from the Orient. Ishii 
(1932) reported it as being the most important para- 
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the local race. Acceptance of S. oleae by the Pakistan 
race was restrained when the more favored host, C. hes- 
peridum, was present. Variations in host selection be 
tween the two races of M. flavus were due both to dif 
ferent host-recognition criteria and to variable responses 
to the stimuli inducing Oviposition. Host-recognition 
stimuli included the attractive odor of living scale insects. 
Tests suggested the presence of a substance in S. oleae 
which inhibited host acceptance by the local race. A re- 
sponsive movement within the living host body of the 
scale was one of the basic stimuli for oviposition. Recip- 
rocal cross-matings between the two races showed 
that acceptance of S. oleae as a host was inherited by 
the progeny of either cross. 


site of C. hesperidum in Japan. Ramakrishna Ayyar 
(1925) recorded it as a parasite of C. viridis Green 
in India and listed other hosts of the species among 
the Pulvinaria and Lecanium spp. Significantly, it 
has never been recorded as a parasite of Saissetia 


oleae ( Bern.). 


THE RECEIPT IN CALIFORNIA OF A NEW BIOLOGICAL 
RACE OF Microterys flavus AND ITS 
PROPAGATION AND RELEASE 

From a shipment of oleander twigs infested with 
Saissetia oleae sent by Paul DeBach from Karachi, 
West Pakistan, in April 1957, eight female and four 
male Microterys flavus emerged after receipt in 
quarantine at Riverside, California. The emergence 
of M. flavus from this hitherto unrecorded host, 
coupled with its origin from an arid region, prompted 
an investigation of its value against S. oleae attack- 
ing citrus, olives, and ornamentals in California. 
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Aiter the capacity of the Pakistan stock of Micro- 
terys flavus to attack Saissetia oleae was validated by 
laboratory trial, a culture of the local California M. 
flavus was acquired from the field. The inability of 
the local M. flavus to reproduce on S. oleae in the 
laboratory confirmed the hypothesis that two races 
with different host preferences were involved. De- 
tailed morphological examination of the females and 
the males of both races by H. Compere failed to 
reveal any structural characters by which the para- 
sites from Pakistan could be distinguished from those 
already present in California. 

Both races of Microterys flavus were propagated 
on Coccus hesperidum, using a simplified technique 
available for the year-round insectary propagation 
of this host. The insectary host-culture technique 
consisted of attracting the newly hatched, motile 
young of C. hesperidum toward a light source and 
causing them to stop and congregate at an interven- 
ing shadow (fig. 1). The congregated scales were 
then transferred to citron melons (Citrullus vulgaris 
var. citroides). The young scales, placed on a melon 
kept in the dark, settled and at 80° F. completed their 
development in about 40 days. 

Cultures of the two races of the parasites were 
maintained in separate buildings to avoid contamina- 
tion. The weekly addition to the parasite cultures 
of a melon infested with half-grown Coccus hesperi- 
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dum provided a constant supply of emerging adults 
for comparative biology studies and for field coloni- 
zation of the Pakistan race. 


COLONIZATION AND RECOVERY ATTEMPTS WITH 
THE PAKISTAN RACE 


Colonization sites for the Pakistan race of Micro- 
terys flavus were selected primarily on the basis of 
the presence of Saissetia oleae of size suitable for 
requirement for the re- 


parasite attack. A secondary 
lease sites chosen was the 
hesperidum in the immediate vicinity. Releases were 
oleae was found on 


occurrence of Coccus 


made at 21 locations where S. 
citrus, olives, and ornamentals in southern California. 
From one to six separate releases of adult parasites 
were made at each location. In addition, five infes- 
tations of C. pseudomagnoliarum on citrus in central 
California received single releases of parasites. The 
total releases of the Pakistan race of M. flavus from 
1957 through 1959 consisted of over 60,000 females 
and a nearly equal number of males. 

Some recoveries of Microterys flavus have been 
made from Coccus hesperidum at the sites where 
the parasites were released. Such 
ever, cannot be taken as valid proof that the Pakistan 
race is established, since to date there has been no 


rect veries, how 


emergence obtained from isolated Saissetia oleae. 


Fic. 1—A shadow box showing the motile young of Coccus hesperidum reared on citron melons congregating 
automatically at a shadow after their attraction to a light source. 
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EXAMINATION OF THE TWO RACES FOR ADDITIONAL 
DISTINGUISHING CHARACTERISTICS 


The attacks upon a number of other lecaniine scale 
insects by the two races of Microterys flavus were 
examined to see if host suitability differences could 
be shown with species other than Saissetia oleae. 
Coccus pseudomagnoliarum and Lecanium corni on 
cut twigs in the laboratory were found to be equally 
acceptable for oviposition by either race as long as 
the scale insects were of an acceptable size, i.e., over 
1.0 mm. in length. S. hemisphaerica (Targ.) on cut 
twigs was similarly attacked by both races of the 
parasite. A special race of S. oleae, originally taken 
from fig in the Imperial Valley of California and 
previously shown to be unsuitable for attack by cer- 
tain parasites normally attacking S. oleae (Bartlett 
1960), was tried as a host for the two races. Neither 
would oviposit in this host. In all the above trials 
no differences in the degree of acceptance of these 
hosts were detected with the two M. flavus races. 

An examination of the general biologies and de- 
velopmental ‘life histories of the two races upon 
Coccus hesperidum was made in an effort to find 
other ways in which they could be differentiated. 
In both races, ovarian eggs were double-bodied and 
in every way similar to those of the California race 
of the parasite (Maple 1947). were deposited 
singly at each insertion of the ovipositor through the 
scale dorsum into the body of the host. The de- 
posited eggs were suspended in the host’s body by 
a stalk which protruded through the dorsal host derm 
for approximately 0.1 mm. The white stalk of the 
egg with the remnants of the former anterior body as 
a bulblike process at the tip served to indicate the 
presence and position of eggs. Deposited eggs of 
both races were removed from the host and examined 
for possible differences in structure and sculpture, 
in view of the distinctive variations of the aereo- 
scopic plate known to exist in closely allied Micro- 
terys species. The eggs were, in all respects, identical. 

In Microterys flavus the complete act of drilling 
through the host derm with the ovipositor and de- 
positing the egg takes about 2 minutes. The para- 
site is solitary in small hosts and gregarious in the 
larger scale insects, with up to six individuals of 
mixed sexes emerging from a single mature host. 
At 80° F. the minimum period required for egg 
hatching and development to the adult stage is 14 
days for females and 13 days for males. The early 
stage larva, while feeding in the body fluids of the 
scale, maintains a posterior attachment to the egg 
stalk during all but the very late stages of develop- 
ment. 

In all the above-described habits and develop- 
mental processes, as well as in morphological charac- 
teristics, the two races appeared to be identical. The 
only difference that could be determined was the 
preference shown by the Pakistan race for attack 
and development upon Saissetia oleae, a host species 
upon which the local race of the parasite would not 


Eggs 


reproduce. 
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Since drilling with the ovipositor had been ob- 
served in early trials with both races on Satssetia 
oleae, it was originally thought that the difterential 
host relationships of the two races were associated 
with the capacity of S. oleae to support parasite de- 
velopment of the progeny of the Pakistan race but not 
of the local race. However, further examination of 
host acceptance in the two races showed that the 
host differences did not arise primarily through 
differential destruction of parasites during their de- 
velopment. Under no circumstances would the local 
race of the parasite oviposit in S. oleae. The pre- 


viously observed habit of puncture of the derm of 
S. oleae with the ovipositor by the local race was not 
connected with the act of egg laying, but was identi- 
fied with the habit referred to by Flanders (1953) as 
host feeding and/or mutilation by the adult para- 


site. This habit was exhibited by both races of 
parasites with all the host species suitable for their 
oviposition, and in addition the local race of the 
parasite extended the habit to include S. oleae. Fol- 
lowing the recognition and distinguishing of this 
habit from that of oviposition in the host, different 
ways tried to induce the local the 
parasite to oviposit in S. oleae. Neither superficial 
contamination of S. oleae with the body fluids of the 
preferred host, Coccus hesperidum, nor the mass ex- 
oleae to heavy concentrations of the 


were race of 


posure of S. 
local race of parasites led to oviposition in that host. 
The criteria used in the host selection of Satssetia 
oleae by one race and its rejection by the other race 
was therefore shown to reside strictly within the 
limits of host discrimination by the adult female. 


HOST-DISCRIMINATION PATTERNS AND ACCEPTANCE 
STIMULI IN THE TWO RACES 


Host-discrimination processes in the parasitic Hy- 
menoptera have been subject to considerable inquiry 
in the past. Notable in this field have been the 
studies of Salt (1935, 1938), Ullyett (1936), Lloyd 
(1938, 1940, 1942), and Simmonds (1954). A num- 
ber of these authors in their studies on the poly- 
phagous species presented evidence that the recogni- 
tion of favorable hosts was stimulated by various 
host criteria through a chain of responses. Ullyett 
(1936) expressed the opinion that the underlying 
basis of behavior during host selection by Microplec- 
tron fuscipennis Zett. was of a psychological nature 
since “errors of instinct” at times produced variations 
from the normal fixed pattern of host acceptance. 

Because the differences in host discrimination for 
and against oviposition in Saissetia oleae seemed to 
be so invariable with the two races of Microterys 
flavus, the patterns of their host acceptance to both 
S. oleae and Coccus hesperidum were examined more 
closely to try to determine precisely how the re- 
sponses to basic stimuli were expressed. 

Microterys flavus was well suited for examination 
of host-discrimination processes because of its habit 
of laying stalked eggs. On the other hand, examina- 
tion was complicated by the apparently purposeless 
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habit of host derm puncture and host mutilation by 
the ovipositor without any attempt to deposit eggs 
or even to feed at the wound puncture. It was, how- 
ever, found in preliminary trials that stocks of para- 
sites taken from the cultures on one day might be 
predominantly interested in host feeding and mutila- 
tion while on other days this instinct would be sub- 
ordinate to that of oviposition. Thus, the two in- 
stincts could be largely isolated by conducting trials 
at different times, and host acceptance for each 
separate purpose could be examined without undue 
interference by the other impulse. 

To examine the patterns of host discrimination in 
the two races of Microterys flavus on Saissetia oleae 
and Coccus hesperidum, 8 to 10 mated females of each 
race were confined in separate test tubes with pepper 
naturally infested with ac- 
ceptable sizes of either C. hesperidum or S. oleae, 
or the two together. An equal choice between the 
two hosts was obtained by removing the excessive 
numbers of each scale species. A continuous record 
was kept of the number of parasites traversing the 
infested twigs to give the number of minutes per 
parasite spent in the immediate vicinity of suitable 
hosts. At the same time, the number of host derm 
punctures made by the parasites with their oviposi- 
tors was tallied. After 5 hours or more of individual 
parasite traverse of the infested twigs, the total 
number of egg stalks in the scales was counted. From 
these data the average number of host derm punctures 
without egg laying and the average number of eggs 
deposited per parasite per hour of twig traverse 
were computed. One series of tests was run during 
a period when the egg-laying instinct was dominant 
in the cultures, and the same series was repeated 
at another period when the dominant instinct was 
The re- 


twigs (Schinus molle) 


host derm puncturing without egg laying. 
sults of the tests are presented in table 1. 
The tests confirmed the invariable preference of 
the local race of Microterys flavus for Coccus hesperi- 
dum over Saissetia oleae for egg deposition. C. hes- 
peridum was also strongly favored by the local race 


Table*1. 


S. oleae 
only 


hesperidum 
only 


Host 
punctures* 


Eggs 


Eggs : 
laid 


laid 


Host 
punctures* 
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for host mutilation and/or host feeding (as repre- 
sented by the number of derm punctures without egg 
laying). For this latter purpose C. hesperidum was 
favored over S. oleae by the local race in the ratio 
of 3.6:1 when the parasites were tested separately on 
the two host species, and 23:1 when an equal choice 
of hosts was provided. The Pakistan race showed 
an unsuspected preference (6.3:1) for C. hesperidum 
over S. oleae for oviposition when tested separately 
on the two hosts, and nearly ignored S. oleae when 
an equal choice of hosts was given. The Pakistan 
race did not favor C. hesperidum for host feeding 
and/or mutilation so strongly as the local race of the 
parasite did. These preferences of the Pakistan race 
for C. hesperidum had not been evident in the in- 
sectary where the parasite was reared on S. oleae 
in the absence of other hosts. 

The tests described above served to show only the 
patterns in which host preferences were expressed 
and not the perceptive criteria through which the 
responses were stimulated. Other observations and 
associated trials, however, afforded some basis for 
speculation on the nature of the stimuli inciting host 
recognition and acceptance. In the observations pre- 
sented on host discrimination, there 
possibility of their arising from different instinctive 


since was a 
responses in a chain of sensory stimuli, the following 
three phases of parasite activity were considered 
separately, (1) host recognition and preliminary ex- 
citation, (2) acceptance for insertion of the ovi- 
positor, and (3) acceptance for egg deposition. 

Odor unquestionably played a part in the prelimi- 
nary recognition of Coccus hesperidum by Micro- 
terys flavus. The female was immediately excited 
upon contact with a host of any size, whether or not 
it could support egg development. The female was 
also excited by locations where the scale recently had 
been removed from the twig, by recently dead scales, 
and by fresh scale coverings from which all body con- 
tents had been removed, but not by dry, dead scale 
Although the distaste of the local race for 
for egg deposition could 


bodies. 


Satssetia oleae as a site 


Average number of eggs and host punctures per parasite per hour in Coccus hesperidum and in Saissetia oleae 
with two races of Microterys flavus during two test periods when the parasites showed different habits of host attack. 


Equal mixture of two scale hosts 


C. hesperidum S. oleae 


Host 
punctures* 


Eggs 
laid 


Host 
punctures* 


Eggs 
laid 


Period 1: Ovipositional instinct predominant 


Pakistan 
Local ; ; 
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Pakistan 3. 9.0 0.8 
Local i i 0.0 


B.3 2.0 
Be 0.0 


a Without depositing eggs 


0.0 
Host feeding and mutilation instinct predominant 
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not be overcome by superficial contamination of this 
scale with the body fluids of C. hesperidum, the re- 
verse process, i.e., contamination of C. hesperidum 
by S. oleae body fluids, caused scales so treated to be 


avoided. This acceptance reaction suggests that the 


rejection of S. oleae by the local race is due to the 


presence of an undesirable or inhibitive substance 
rather than to the lack of an attractive element. That 
host recognition intimately associated with 
stimuli received through the antennae was indica- 
ted by the parasite’s failure to recognize hosts after 
amputation of one or both antennae. 

Derm texture probably plays only a small part 
in host recognition with Microterys flavus. The 
slightly harder and irregular surface of Saissetia 
oleae was not an obstacle to derm puncture by either 
race, as indicated by the general attack for purposes 
of host feeding and mutilation. 

Acceptance of the host for insertion of the ovi- 
positor was intimately associated with movement 
within the scale body. This movement was probably 
in response to the parasite’s exploration of the host 
by tapping on the scale with its antennae. Despite 
preliminary excitation of the parasite female by scale 
body coverings of Coccus hesperidum with the body 
contents removed, the act of drilling through the 
derm with the ovipositor was never completed with 
such hosts. With recently dead scales derm puncture 
was occasionally completed but no eggs were ever 
laid. However, C. hesperidum containing living last- 
stage larvae of another internal parasite, Metaphycus 
stanleyi (Comp.), were acceptable for ovipositor in- 
sertion and eggs were laid in the scale bodies. The 
scale insects at that time had been completely con- 
sumed by the M. stanleyi, and obviously could not 
support development of the eggs laid by Microterys 


was 


flavus. 

Acceptance of a scale host for egg deposition by 
Microterys flavus no doubt depends upon criteria 
other than the responsive movement within the scale 
body. The fixed placement of the egg of M. flavus 
in the body fluids of the host is accomplished after a 
certain amount of delicate probing with the tip of the 
ovipositor. When the scale is fixed to a glass slide 
this activity can sometimes be observed through the 
venter of the scale during parasite attack. The final 
suitability of the host is probably determined during 
this action through sensory receptors on the oviposi- 
tor (Salt 1937, Dethier 1947), which may respond 
to tactile and possibly to chemotactic stimuli such as 
those which cause the local race of M. flavus to reject 
Saissetia oleae as a host. 

Neither race of Microterys flavus has the capacity 
to recognize that more eggs than the host can sup- 
port have been laid in a scale. Up to 51 eggs were 
deposited in one Coccus hesperidum which could not 
support the development of over five to six indi- 
viduals. No other “errors of judgment” implying a 
psychological basis for host acceptance were ex- 
hibited by either race of M. flavus in its host dis- 
crimination besides those of wasted or supernumerary 
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eggs in one host. It seems unnecessary to relate any 
host recognition or acceptance reactions of this spe- 
cies to other than purely mechanistic responses to 
sensory stimuli. 


CROSS-MATING BETWEEN THE TWO RACES 


Microterys flavus females when unmated are ar- 
rhenotokous, i.e., capable of only male reproduction ; 
therefore, with this species, female progeny are proof 
of functional mating. With M. flavus, individual 
cross-mating could not be obtained in close confine- 
ment. In small vials, normally satisfactory for mat- 
ing purposes, the females repelled all advances by 
the male. Mating does occur, however, in the larger 
confines of a sleeve cage providing there is adequate 
contact between the sexes, so it was possible to try 
mass reciprocal cross-matings of the two races of 
M. flavus. For this purpose 30 unmated females of 
each race were carefully reared from parasitized 
hosts which had been isolated individually into glass 
vials. After emergence each group of unmated fe- 
males was placed with an equal number of males 
of the opposite race in a sleeve cage containing a 
citron melon heavily infested with Coccus hesperi- 
dum. After 11 days all parental stocks were removed. 
From the attempted cross-mating of the Pakistan 
females and local males, 581 progeny were obtained 
trial, 3.2% of which were females. In a 
similar trial producing 1082 progeny, only 0.2% 
were females. As a result of the reciprocal cross, 
691 total progeny included 3.4% females in one trial, 
and in a second trial 2.8% of 333 progeny were fe- 
males. Comparable sibling matings of virgin females 
of the Pakistan race produced 16.1% female progeny 
and of the female progeny. The 
lower female production in the cross-matings as com- 
pared with the sibling matings indicated a possible 
functional restriction on interbreeding of the two 
races. 

For confirmation that there was an actual genetic 
exchange of the capacity to attack Suissetia oleae 
through both male and female inheritance from the 
Pakistan race of Microterys flavus, further tests 
were made of the progeny of the reciprocal crosses. 
After one generation on Coccus hesperidum, to in- 
crease stocks, the F, of each reciprocal cross-mating 
of the parasite races was tested against S. oleae 
on oleander plants without other hosts being present. 
Both attacked S. oleae readily and produced a num- 
ber of offspring with an apparently normal sex ratio, 
indicating that the inheritance of acceptance of S. 
oleae for oviposition was transmissible through any 
cross-mating that might occur between the two bio- 
logical races of the parasite. Inasmuch as some cross- 
mating occurred in all the tests of reciprocal crosses 
with the two races and their progeny were capable of 
attacking S. oleae, it is believed that the attribute of 
acceptance of this host should become incorporated 
into the gene pool of the local race in California if 
the Pakistan race of M. flavus becomes established. 


in one 


local race 7.6% 
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ABSTRACT 


In 1958, Coccophagus basalis Comp., a species of 
Aphelinidae which reproduces as a primary parasite of 
several species of lecaniine scale insects, was imported 
into California from Brazil. The eggs of C. basalis are 
deposited only within the subesophageal ganglion of its 
host. The development of the fertilized (female-producing ) 
egg through the following immature stages proceeds 
without interruption. The larva. upon hatching, leaves 
the ganglion. After feeding on body fluids of the scale 
insect, the larva cocoons and pupates within the remain- 
ing fluids of the living host. Post-embryonic develop- 


DESCRIPTION AND EARLY HISTORY 


Coccophagus basalis Comp., an internal parasite of 
lecaniine coccids, was first discovered in 1934 by H. 
Compere at Rio de Janeiro, Brazil. The female of 
this species was described by Compere (1939) from 
specimens reared from Saissetia oleae (Bern.) on 
Cassia imperialis and from S. hemisphaerica (Targ.) 
on olive. The female is approximately 1 mm. in 
length, and is like C. gurneyi Comp. in color; the 
body is predominantly black with a broad yellow band 
across the base of the abdomen. Characteristic struc- 
tures are three pairs of setae on the scutellum, a 
pedicel slightly longer than the first funicle joint, 
oe 'Paper No. 1255. University of California Citrus Experiment 
Station, Riverside, California. Accepted for publication August 
12, 1960. 


ment of the unfertilized (male-producing) egg proceeds 
only if the host is subsequently attacked by certain other 
parasitic species upon which the male larva necessarily 
feeds as a secondary ectoparasite. The unfertilized 
(male-producing) egg containing its diapausing larva 
frequently is found enclosed in a black jacket of unknown 
composition. In 1959, C. basalis was propagated and 
colonized in southern California on Coccus hesperidum 
L., Saissetia hemisphaerica (Targ.). and S. 
(Bern.). It was recovered from 4 of 20 release sites 


oleae 


and a concealed ovipositor. The male, which is un- 
described, is small, with an entirely black abdomen. 

Coccophagus basalis was one of the two most 
abundant parasites of black scale in Rio de Janeiro 
where it was first taken. Black scale material col- 
lected there by Compere during the first 2 weeks 
of September, 1934, and sent to California yielded 
128 adult females of C. basalis and about an equal 
number of C. fallax Comp. Each of these species 
outnumbered all the other primary parasites com- 
bined (Scutellista cyanea Mots., Lecaniobius utilis 
Comp., Coccophagus caridet Brethes, Euaphycus sp., 
and three species of Aneristus). 

One hundred of the Coccophagus basalis females, 
when placed on an insectary stock of unparasitized 
black scale on the fronds of Cycas revoluta, readily 
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oviposited in the first and second instars of the scale. 
None of the C. basalis females were mated and none 
produced adult progeny. Upon dissection of the scale 
the parasitic eggs were found unhatched with each 
containing a perfectly formed larva. It was then 
apparent that the unfertilized eggs of this parasite 
trifasciatus Comp. and 
C. gurneyi in that they were characterized by “in- 
hibited hatching,” a phenomenon discovered by 
Cendana (1937). Without the hatching of such eggs 
the species could not be cultured, viable males, as in 
other Hymenoptera, being derived only from unfer- 


were similar to those of C. 


tilized eggs. 

However, 6 months later, in 1935, a possible ex- 
planation of the inhibited hatching of the eggs in this 
species was revealed through a detailed study of 
Coccophagus caridei (= C. heteropneusticus Comp.), 
one of the other primary endoparasites of the le- 
caniine scale from South America (Flanders 1936, 
1939). The unfertilized (male-producing) eggs from 
unmated females of C. caridet were found to be de- 
posited ectoparasitically on the dry bodies of full-fed 
female larvae of several primary parasites inhabiting 
the bodies of scale insects and mealybugs. The males 
then developed only as hyperparasites at the expense 
of the full-fed female larvae of either their own or 
other species of primary parasites. 

The development of the male larva of Coccophagus 
caridei only in an aerated, dry environment provided 
a logical explanation for the inhibited hatching of 
the unfertilized eggs of species such as C. basalis, 
C. gurneyi, and C. trifasciatus, particularly since the 
unhatched male of these species, unlike the female, 
possessed spiracles. It was then demonstrated with C. 
and C. trifasciatus (C. basalis not being 
that inhibited hatching is a_ functional 
characteristic of such species and that unfertilized 
eggs hatch only after a companion parasite has con- 
sumed the fluid content of the coccid host (Flanders 
1937, 1959). Then, of course, the failure of the un- 
mated female of C. basalis to produce males was at- 
tributed to the lack of a companion parasite, a para- 
site which (1) would completely consume the host’s 
body fluids, and (2) when full-fed, would then serve 
as a host for the complete development of the male. 

In the light of this new information and because 
of the possibilities offered by a parasite capable of 
attacking the very small stages of Saissetia oleae, 


gurneyt 
available ) 


reimportation of the species was considered. 

D. T. Fullaway, of the Territorial Board of Agri- 
culture in Hawaii, scheduled to visit Rio de 
Janeiro during the latter part of 1935 to collect para- 
site material for the Islands. An arrangement was 
made with him for collections of black scale material 
to be sent to California. Two shipments were sent, but 
only a single Coccophagus basalis specimen was re- 
ceived alive, and it failed to reproduce. 

In July 1937, five unmated female Coccophagus 
basalis were obtained from black-scale-infested ole- 
ander cuttings collected in Nairobi, Kenya Colony, 
\frica. C. basalis was one of 23 species of primary 


was 
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parasites reared by Flanders from black scale sent 
to California by H. Compere (1940) between No- 
vember 27, 1936, and July 13, 1937. Again, repro- 
duction by C. basalis did not occur, largely because 
of the few females at hand and the lack of males. 
Consequently the developmental history of the species 
remained unknown. 

In July 1946 H. Compere received, merely for 
identification, dead specimens of Coccophagus basalis 
reared in the Union of South Africa by E. C. G. Bed- 
ford from Coccus hesperidum L. infesting citrus at 
Letaba in Transvaal. The species was reported as 
being abundant in that area upon that particular 
host. 


EXPLORATION FOR Coccophagus basalis In 1958 


In February 1958, Flanders was sent by the De- 
partment of Biological Control of the University of 
California to Brazil to search for Coccophagus basalis 
and other natural enemies of lecaniine scale insects. 
Upon his arrival in Rio de Janeiro, Flanders es- 
tablished contact with Mr. Paul Ferree, Assistant 
Agricultural Attaché of the Foreign Agricultural 
Service, in order to acquaint him with the purpose 
of the exploration work. Mr. Ferree enlisted the aid 
of the Brazilian Ministry of Agriculture and of Pro- 
fessor Cincinnata R. Goncalves and other officials 
in the “Defensa Sanitaria Vegetal” in the explora- 
tion work. Ferree facilitated the shipments of para- 
site material by air mail through the army post office 
and participated in the collection of adult C. basalis. 

COLLECTION SOURCES AND TECHNIQUES.—Three 
standard procedures were used in the collection of 
Coccophagus basalis in Brazil: (1) the host-exposure 
technique, i.e., placing an infested host plant in the 
field both for oviposition by parasites and subsequent 
rearing of their progeny and for direct collection of 
adults attracted to such “trap” plants, (2) the col- 
lection of parasitized hosts from natural infestations, 
and (3) the collection of adult parasites by the beat- 
ing of host-frequented plants. 

The collection of Coccophagus basalis through the 
host-exposure technique was facilitated by the dis- 
covery in the United States Embassy in Rio de 
Janeiro of a potted coffee plant which was heavily 
infested with unparasitized Satssetia hemisphaerica. 
This plant was donated for host-exposure tests and 
was placed in the Rio de Janeiro Botanic Gardens. 
Lecaniine scales were very rare in the Botanic Gar- 
dens, yet at the first examination of the plant a few 
days later, three female C. basalis were collected 
from the undersurface of the coffee leaves. During 
the following 2 days, 10 additional C. basalis females 
were attracted to and removed from the plant. Al- 
though no males were taken, females collected in 
this manner were usually already mated and _ pro- 
duced female progeny after shipment to Riverside, 
California. 

On February 18, a heavy infestation of Saissetia 
nigra (Nietn.) was discovered on several Hibiscus 
plants in a private garden in Rio de Janeiro. This 
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infestation existed by virtue of the protection offered 
the scales by an ant of the genus Pheidole. The scales 
on these plants proved to be heavily attacked by 
Coccophagus basalis, and females of C. basalis were 
readily found as they searched among small S. nigra 
scales on the undersurfaces of the Hibiscus leaves 
where the parasites were little disturbed by ant 
activity. Eighty females were collected into glass 
vials from this particular infestation and sent by air 
mail to California. An additional 340 
immature C. basalis within their hosts were obtained 
from subsequently discovered infestations of S. oleae 
upon Ficus repens and Aegiphila paraguarensis at 
Matao, S. P., and of an unknown Coccus sp. on 
Yucca in the vicinity of Limeira, S. P.? It is signi- 
ficant that all these infestations were ant-attended. 
Although the shipments went through in as few as 
2 days, only 38 females and 11 males were received 
alive or reared out at When the para- 
sitized scales were removed from the leaves, the late 
larval and pupal Coccophagus basalis 
usually failed to mature. In the propagation attempts 
at Riverside, mated females produced female progeny, 
but no males developed upon the full-fed female 
larvae of C. basalis and the cultures were lost. 
During the period that Flanders was in Brazil, 
Bartlett was on a parasite-collecting expedition to 
South and East Africa. In the course of the ex- 
ploration in Africa, Coccophagus basalis was col- 
lected in abundance upon Coccus hesperidum from 
Bauhinia in Natal and from ornamental peppers in 
Torroro, Uganda. Males occurred as approximately 
5% of the tota! C. basalis taken in these collections. 
i) with both sexes available in the ship- 


Riverside, 


Riverside. 


stages of 


However, ev< 
ments to Riverside, no males of the species could be 
produced. A similar lack of male reproduction oc- 
curred with a distinctive color form (white legs) 
of C. basalis sent from Dar es Salaam, Tanganyika, 
where it was found parasitizing Satssetia hemis- 
phaerica on Cycas revoluta. 

The occurrence in Africa of two color forms of 
Coccophagus basalis and its wide distribution in com- 
parison to that in South America, indicates that the 
species is indigenous to Africa and occurs in Brazil 
as an accidental introduction. 

The repeatedly unsuccessful attempts to propagate 
Coccophagus basalis in the insectary at Riverside 
established that the male could not develop upon fe- 
males of its own species. 

REPRODUCTION OF IMPORTED MATERIAL—AIthough 
all importations of Coccophagus basalis received from 
both Flanders in Brazil and Bartlett in Africa failed 
to reproduce males in the insectary at Riverside, a 
fortuitous biological observation of parasitized hosts 
by Flanders in Brazil set the stage for the ultimate 
successful receipt and propagation of the species. 


2The search for natural enemies of black scale in Brazil 
was greatly aided by the excellent facilities of the Ibec Research 
Institute at Sao Paulo and at Matao, made available through the 


Harrington, and of the Sao Paulo Instituto 


courtesy of Mr. J. R. 
through the courtesy of Dr. Silvio 


Agronomico, made available 
Moreira. 
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All previous attempts to propagate Coccophagus 
basalis males had been based on the assumption that 
the essential reproduction habits were like those of 
C. gurneyi. However, in Brazil, Flanders observed 
that the developing female of C. basalis, like that of 
C. trifasciatus, did not completely consume its scale 
host, a situation which prevented the male egg from 
hatching and attacking its own female. Another spe- 
cies of companion parasite, one which consumed the 
entire body contents of the host, was essential if the 
male egg was not to remain immersed in the uncon- 
sumed body fluids of the coccid host and die un- 
hatched. 

Since in all bulk shipments some species of Meta 
phycus were generally associated with collections of 
Coccophagus basalis, it seemed probable that this 
companion species might be essential for the con- 
tinuous reproduction of C Brazil the 
attendant Metaphycus species was generally M. flavus 
How., and in Africa it was ordinarily M. stanley: 
(Comp. ). 

After the return to California of 
sartlett, the introduction of 
was continued on the basis of the foregoing obser 
vations. Provisional arrangements had 
with Paul Ferree, of Rio de Janeiro. Consequently, 
special shipping envelopes (Gressitt and Flanders 
1949), provided with four with 
honey as food for the parasites, were sent to him 
Ferree collected adult females from Hibiscus plants 
known to be infested with Saissetia nigra. He shipped 
20 adult females of C. basalis. They arrived in Cali- 
fornia on August 29, 3 days after having been col- 
lected, with 14 females alive and vigorous. 

The establishment of a culture of Coccophagus 
basalis was undertaken at once, using infestations of 
small- to medium-sized Saissetia cleae on a potted 
oleander plant. Metaphycus stanleyi, a species pre- 
viously established in California, was placed on the 
caged plant together with the C. basalis. Thirty-six 
days later, with the emergence of five females and one 
male C. basalis, the biological riddle of the propaga- 
tion of this species was finally solved. 


basalis. In 


Flanders and 
hasal 
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been made 


glass vials 


each 


LIFE HISTORY OF Coccophagus basalis 


CHARACTERISTICS AND BEHAVIOR OF THE ADULT.— 
Mated females of Coccophagus basalis may deposit 
either fertilized or unfertilized eggs. Fertilized eggs 
always produce females ; unfertilized eggs, either from 
mated or unmated females, always produce males. 
Evidence based on emergence from foreign collec- 
tions indicates an extremely low percentage of males 
in a natural population. 

Longevity tests showed that in the laboratory at 
80° F. adults lived approximately 3 weeks. One 
lot of 50 freshly emerged virgins, held at 60° F. and 
periodically removed for feeding, showed only 28% 
mortality at 37 days. In comparison with other para- 
sites of lecaniine these tests indicated that 
Coccophagus basalis is relatively long-lived. 

Development was completed in the laboratory on 


scales, 
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immature Coccus hesperidum, Saissetia hemis- 
phaerica, and S. oleae. S. nigra was not checked in 
the laboratory, but it is a known host in the field. 
No development occurred on immature Lecanium 
cornt Bouché. 

The ovipositional site selected by Coccophagus 
basalis is unique among the Aphelinidae. Fisher ob- 
served that the female, mated or unmated, deposits 
one to four eggs in the large subesophageal ganglion 
of the host. Oviposition rarely if ever occurs in 


hosts larger than 2.0 mm. because the ventrally lo- 
cated ganglion is then beyond the reach of the para- 
site’s ovipositor, which is approximately 0.17 mm. in 
length. 

Coccophagus basalis has a distinctive ovipositional 


behavior. After tapping the derm of the host and 
wheeling about on it two or three times, the female 
usually walks straight off the head end of the host 
and then, backing up, sinks the ovipositor down 
through the host’s dorsum directly above the anterior 
pair of spiracles. On hosts near the 2.0 mm. limit, 
however, oviposition often occurs from a dorsolateral 
In general, unmated females deposit their 
eggs singly. The time required ranges from 6 to 
11 seconds, measured from the insertion to the with- 
drawal of the ovipositor. Mated females may require 
17 to 24 seconds. Dissection of scores of individually 
marked hosts showed that mated females, at a single 
insertion of the ovipositor, occasionally deposited 
both fertilized (female-producing) and unfertilized 
(male-producing) eggs in the ganglion. 

Very young scales are attacked by this parasite. 
\lthough free-moving 
Coccus hesperidum was observed when females were 


position. 


oviposition in crawlers of 
given tree choice of several host stages, the size of 
the host successfully attacked ranged from 0.4 mm. 
to 2.0 mm. in length. However, it was clear that a 
range of 0.8 to 1.1 mm. is preferred. The occasional 
oviposition in active crawlers occurred in the blood 
rather than in the ganglion. Curiously, the female 
parasite straddled the tiny crawler, walking along 
with it while inserting her ovipositor and depositing 
her egg. All of the attacked crawlers were dissected 
in order to confirm oviposition, hence the ability 
of Coccophagus basalis to complete development in 
them is not known. 

The ovipositional behavior of many females was 
observed individually. Attacked scales were marked 
with black drawing ink and serially numbered. Fe- 
males subsequently placed in the same test areas 
little discrimination in host selection and 
oviposited as readily in parasitized hosts as in healthy 
hosts. Females that issued from Coccus hesperidum 
in vials would sometimes refuse to oviposit when 
placed on Saissetia oleae. If such females were then 
placed on C. hesperidum, allowed to oviposit two or 
three times, and then returned to the previously 
ignored S. oviposition occurred normally. 

\lthough eggs continue to mature throughout the 
life of the adult female, only four to eight mature eggs 
are found in each ovary at time. With an 


showed 


oleae, 


one 
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abundance of hosts, females exhausted this number 
of eggs in as little as a 10-minute period. 

Mated and unmated Coccophagus basalis females, 
following a characteristic mutilation behavior, were 
observed feeding from the ovipositor wounds. Small 
hosts were killed by this act, but hosts near the 2.0 
mm. length were seemingly not affected. Feeding on 
honeydew was common, the ejection of honeydew 
by the scale being stimulated by preliminary examina- 
tion by the parasite. 

PARASITE DEVELOPMENT.—Unless stated to the 
contrary, the following observations were made at 
temperatures between 78° and 80° F. and relative 
humidities between 55% and 60%. Host scales were 
0.9 to 1.4 mm. in length at the time of oviposition by 
the parasite. 

Female Development——Embryonic development is 
completed in 3 or 4 days. After an additional 3 or 
4 days the first-instar larva leaves the egg chorion 
and the host’s ganglion. The female larva is hy- 
menopteriform in each of the three instars. Careful 
observation during the 8- to 10-day feeding period 
revealed little larval movement in the interior of the 
host. Feeding is ordinarily on the blood of the host, 
and the viscera escape destruction. However, if the 
scale is attacked when very small, i.e., 0.5 mm. in 
length, the supply of blood is insufficient for com- 
plete development, and the viscera are also consumed. 
When the larva is full-fed, it voids its meconium and 
constructs a cocoon as described by Flanders (1938) 
for other endoparasitic chalcidoids. Within the 
cocoon it can pupate in a dry environment although 
surrounded by the remaining body fluids of the host. 

The cocoon, during its formation, becomes richly 
supplied with tracheae from the host, particularly in 
the vicinity of the lateral thoracic region of the en- 
closed pupa. Disruption of this delicate association 
may partially explain the high mortality which re- 
sults from removal of parasitized hosts from the sub- 
strate. Such removal presumably ruptures the deli- 
cate tracheal attachments and allows host fluids to 
enter the cocoon by capillarity, thus suffocating the 
pupa. 

The prepupal and pupal stages combined last 11 to 
15 days, the pupa becoming black during the last 
week. The pupa is oriented in the host with its 
venter down and with its head toward the host’s pos- 
terior. After shedding the pupal skin, the female 
turns over in order to cut an exit hole in the dorsum 
of the host. Cutting an exit hole requires approxi- 
mately 10 minutes. Upon emergence from the host 
the female’s wings are fully expanded and ready for 
flight. 

Male Development——The detailed mechanics of 
male development are extraordinary for the genus. 
As mentioned above, the male Coccophagus basalis 
develops only as a secondary parasite of the scale 
host through the immature stages of another para- 
site species. Hatching of the male egg is stimulated 
only by complete consumption of the host’s body con- 
tents by such endoparasitic species as Metaphycus 
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stanleyi. The precise conditions stimulating hatching 
of the male are unknown. Bess (1939), working with 
C. gurneyi, suggested that hatching of the male larva 
was stimulated by the presence of free air. Hatching 
of the male larva of certain other Coccophagus spp. 
is precluded while the egg is immersed in the body 
fluids of the host (Flanders 1959). Whatever these 


Fic. 1—Photograph showing 


7-day-old 


BioLocy oF Coccophagus basalis 


conditions are, they are not provided by the im- 
mature females of C. basalis and therefore the male 
cannot hatch and develop at the expense of its own 
species. 

In the ordinary course of events both the mated 
and unmated females of Coccophagus basalis oviposit 
in unparasitized hosts. 


It is solely by chance that a 


male larva of Coccophagus basalis. 


A.—Enclosed within the egg in the subesophageal ganglion of Coccus hesperidum. 
B.—After removal from the ganglion. Distention is caused by absorption of water 


during dissection. 
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scale containing a male egg is subsequently para- 
sitized by a host species such as Metaphycus stanleyi. 

The first-instar Coccophagus basalis male larva 
(fig. 1) becomes differentiated in the egg after an 
embryonic development of 4 or 5 days. Its body con- 
sists of 13 segments, the first of which forms an en- 
larged head area. The of the first-instar C. 
basalis male, as noted by Flanders (Compere 1940), 
is similar in shape to that of C. trifasciatus, but C. 
basalis lacks pseudopods and possesses one pair of 
spiracles The 
spiracles, indicating the need of free air after hatch- 
ing, is located on the third thoracic The 
outer surface is characterized by ambulatory papillae 
*, in two to four rows, the anterior mar- 


form 


instead of two. single pair of 


segment. 


which encircle 
gins of each body segment posterior to the second 
thoracic The first-instar larva is 
within the egg for 3 or 4 days, after which it enters 


segment. active 
a period ot diapause. 

While still enclosed in the egg chorion and in a 
quiescent stage, a black jacket may form around the 
egg. As seen in figure 2, the jacket conforms to the 
outline of the male larva and is open and truncate 
at both ends. The composition of the black jacket 
is unknown, but it is thin-walled, ultimately becoming 
brittle so that it shatters when pressed. This peculiar 
formation was first noted in the field by Flanders in 
black from Ficus repens in Brazil. 
These black jackets were conspicuous objects when 
the scale was viewed ventrally through the thin body 
Their occurrence in a lecaniine scale 


scales collected 


wall (fig. 3). 
population was considered evidence of the presence of 
Coccophagus basalis. 

The jacket is formed only around the unfertilized 
and usually appears 8 to 10 days after 
No jackets are formed around eggs 


oo 
ess 


(male) 
egg deposition 
containing first-instar female larvae because eclosion 
occurs at the end of embryonic development, thereby 
precluding jacket formation. 

The exact factors stimulating jacket formation are 


Fic. 2.—Photograph of 


of Coccophagus basalis still 
black jacket 


a newly hatched male larva 
partially enclosed in its 


Fic. 3.—Photograph showing the conspicuous black- 
jacketed male eggs of Coccophagus basalis in situ (in the 
subesophageal ganglion) viewed through the ventral body 
wall of Coccus hesperidum. 


However, some interesting facts have 


not known. 

been noted which may have a bearing on its origin. 
5 ‘ 

Jacket formation seeins to be related to subsequent 


oviposition by another species on the same _ host. 
This interpretation was suggested by the following 
observations. A few days after Metaphycus stanleyi 
had oviposited in a scale which 7 to 10 days earlier 
had received from an unmated 
Coccophagus basalis, the jacket always was found in 
the ganglion. Hosts dissected 30 to 42 days after the 
deposition of unfertilized C. basalis eggs contained 
living, unhatched first-instar C. basalis males still in 
the ganglion but without jackets. At this time the 
hosts were maturing normally and their ovaries con- 
Also, unhatched first-instar 
without jackets 


one or more 


ror 
eggs 


tained healthy embryos. 
male larvae times 
within the ganglion of hosts containing fully de- 
veloped female C. basalis pupae. 

Male larvae in jacketed eggs may be removed in- 
tact from the host ganglion or taken intact from the 
host blood after being freed by laceration of the 
ganglion sheath by the feeding of a companion para- 
site. When placed in water, such eggs expand so 
that the egg chorion forms a bubble at each end of 
the jacket. With rupture of the znterior part of the 
egg chorion the male larva can be ejected by gently 
compressing the jacket, beginning at the small end 
and gradually moving anteriorly. Such larvae are 
seldom seen to move, yet undoubtedly they are alive. 
Unaccountably, regardless of their ages, the male lar- 
vae in eggs without jackets when placed in water 
display movement of the viscera. In every 
host vacated by a hyperparasitic Coccophagus basalts 
male, there remains an empty black jacket—mute 
evidence that it had housed a live larval male. 


were at found 


coccid 
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The development of male larvae of Coccophagus 
basalis is precluded in hosts in which Metaphycus 
stanleyi oviposits concurrently or prior to the attack 


by C. basalis. Presumably male eggs around which 
the jacket has not yet formed are destroyed by the 
M. stanleyi larvae. The fast-growing M. stanleyi 
larva, in which larval development is completed in 
6 to 8 days, usually begins feeding within one end 
of the host. As it grows toward the opposite end, it 
moves from side to side ripping through the internal 
structures of the host. The ganglion is thus ruptured 
and the jacketed male C. basalis eggs are liberated 
into the host’s body fluids. 

The jackets appear to be protective, preventing the 
destruction of the eggs by the voracious Metaphycus 
stanleyi larva. The jacket-enclosed eggs are literally 
shoved ahead or to the side of the advancing larva so 
that by the time the latter has completed feeding and 
has constructed its cocoon, the jacketed eggs are 
located at the periphery of the host outside of the 
M. stanleyi cocoon. After cocooning, the M. stanleyi 
larva becomes quiet and the prepupa is formed in 
the nearly dry interior of the host. This is the en- 
vironment which permits the male Coccophagus 
basalis to emerge and to complete development. If, as 
sometimes happens, the C. basalis male hatches pre- 


Fic. 4.—Photograph showing male larva of Cocco- 
pPhagus basalis feeding on the prepupa of Metaphycus 
stanley. 
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maturely and attacks M. stanleyi before it has at 
tained the prepupal stage, both larvae die. 

After the Coccophagus basalis larval male bores 
through the Metaphycus stanleyi cocoon and reaches 
the prepupa, it immediately begins feeding ectopara- 
sitically. The feeding C. basalis male can easily be 
seen through the derm of the host (fig. 4). The 
second and third instars are typically hymenopteri- 
form. Development from eclosion to emergence 1S 
completed in a minimum of 18 days. However, the 
total developmental period may be nearly 2 months in 
the insectary since it depends upon diapause being 
broken by attack of the companion parasite. 

The scale from which a male Coccophagus basalis 
has emerged contains the meconia of both Metaphycus 
stanleyi and C. basalis (fig. 
made by male C. basalis is considerably smaller th 
that of M. stanleyi (fig. 6). Should a scale contain 
two M. stanleyi cocoons and only one C. basalis larva, 
the latter destroys only one of the M. stanleyi. Con 
sequently, a single scale can yield one M. stanleyi 


5) 


The emergence hole 


adult and one adult C. basalis male, as seen in figure 
6. The C. basalis male attains the pupal stage at 
about the time that its host would have become adult 
had it not been parasitized. 

Effect on Host.—There is no apparent immediate 
effect on host activity as a result of oviposition by 
Coccophagus basalis. Among 
parasitized hosts about the same proportions move 
about and relocate. The host’s rate of development 
is not affected by the presence of naked or jacketed 
Such not 


parasitized and un- 


male eggs within the ganglion. hosts, if 
subjected to further attack, complete development 
and produce a quantity of young. 

Hosts which contain immature female Coccophagus 
basalis continue to grow until the parasite emerges. 
For example, in a series of Coccus hesperidum rang- 


Fic. 5.—Photograph through the venter of 
hesperidum showing meconium of Metaphycus 
(outer black band) and meconium and exuvium of male 
Coccophagus basalis (inner black semicircular band). 
An empty black jacket is shown in the lower left area 
outside the cocoon formed by M. stanleyi. The circular 
clear area is the emergence hole which was cut in the 
scale dorsum by the adult C. basalis male. 


stanie yi 
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Fic. 6.—Photograph showing Coccus hesperidum from which Metaphycus stanleyi and the 


male of Coccophagus basalis have emerged. 
Legend: 

B —exit hole made by male C. 

Bej egg jacket of male C. basalis. 


3m —exuvium and meconium of male C. 
M —exit hole made by MW. stanleyi (compare size with that of C. 


Me —M. stanleyi 


egg stalk. 
Mm —meconia of |. 


stanley. 


ing from 0.6 to 1.7 mm. in length when parasitized, 
each had increased 2 mm. in length by the 
time the adult parasite emerged. Death of the host, 
except in very small specimens, is delayed until the 
Immediately prior 


The 


scale 


female C. basalis makes her exit. 
to this exit the host may excrete honeydew. 


j ealie 
basalts. 


basalis. 
basalis male). 


habit of cocooning and pupating within the living 
host is not in certain parasite genera 
attacking lecaniine hosts. Although the black pupa 
of C. basalis is plainly visible in Coccus hesperidum, 
and S. nigra, the scale derm is not 


uncommon 


Satssetia oleae, 


disec re pred. 
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PROPAGATION FOR FIELD RELEASE 


The mass culture of Coccophagus basalis was un- 
dertaken in December 1958. Coccus hesperidum was 
used as the scale host because of the simplicity of 
culturing this insect in the insectary upon Citrullus 
melons. Metaphycus stanleyi was chosen as the best 
companion parasite available for the production of 
male Coccophagus basalis. Initially, M.luteolus Timb. 
was used for this purpose because it was easily cul- 
tured in the insectary. However, this species was 
only satisfactory when the ratio of M. luteolus to 
Coccus hesperidum was low. When the ratios of 
parasites to hosts were high, the adult M. luteolus 
often destroyed nearly all of the small scale insects 
by host feeding without effective parasitization. Very 
little scale loss occurs through host feeding by ™. 
stanleyi. 

It was found that only by culturing the developing 
populations of the two sexes of Coccophagus basalis 
in separate cages could a predictable supply of both 
males and females be provided. The separate culture 
of mated female C. basalis, in the absence of Meta- 
phycus stanleyi, assurred a constant supply of un- 
mated female progeny. Separate cultures stocked with 
unmated female C. basalis and with M.. stanleyi 
provided a dependable production of the required 
number of males as well as a continuing stock of M. 
stanleyi. 

A series of insectary trials at 80° F. to determine 
the most advantageous size of the scale host for 
infestation by both male and female Coccophagus 
basalis indicated that approximately 8-day-old Coccus 
hesperidum served adequately. 

Citrullus melons moderately infested with 8-day- 
old Coccus hesperidum were placed in battery jars. 
The sides and bottoms of the jars were lined with 


paper towels to absorb the excessive honeydew ex- 
Each production unit for 
Coccophagus basalis females consisted of a muslin- 
which laid 


creted by the scale insects. 


covered jar containing 25 mated females, 
their complement of eggs in the scale on the melon 
and died in the jar. For male C. basalis production, 
the same culture method was used but with 25 un- 
mated females, and the addition, 7 days later, of an 
equal number of female Metaphycus stanleyi. The 
scale by this time was approximately 0.8 mm. in 
length. Twice as many female as male production 
units were used. 

After 24 days (2 days before emergence) melons 
were from the oviposition units to 
separate cages for emergence of male and female 
progeny. In this manner intermingling of the sexes 
was prevented and the continuity of the production 
program was maintained. The emergence of female 
Coccophagus basalis from infested melons in the in- 
sectary extended over a period of approximately 2 
weeks; that of males, approximately 1 month. An 
average of 500 females or 200 males was produced 


transferred 


from each melon. 
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COLONIZATION AND RECOVERY OF 
Coccophagus basalis 


COLONIZATION PROCEDURES.—T wo biological char- 
acteristics of Coccophagus basalis which make diffi- 
cult the establishment of the species in the field are 
the tendency toward asynchronous development of 
the sexes and the need for a companion parasite to 
dry out the scale host so that the males can develop. 
Additional factors, singly or in combination, con- 
sidered important in the successful establishment of 
the species were (1) the dispersal tendency which 
reduced the probability of mating, (2) uncertain host 
and host-plant affinities, and (3) climatic require- 
ments. Attempts were made to offset the effects of 
these deterrents to establishment by adopting certain 
procedures. 

Any asynchronization of emergence of male and 
female progeny associated with single releases of 
adults can be largely overcome by repeated or “‘fol- 
low-up” releases at the same site timed to coincide 
with the expected emergence of the progeny from 
the previous liberation. With Coccophagus basalts 
this interval was arbitrarily set at 5 to 6 weeks dur- 
ing the spring and summer and extended in the fall 
and winter. Another means of overcoming the prob- 
lem of asynchronization of male and female para- 
sites was to place in the field immature stages of 
both sexes from which the adults emerged over a 
period of time. For this purpose a melon designed 
to produce females and one for male production were 
placed together at the release site. The melons were 
chosen so that a succession of emergence of males 
in the field over a 3- to 
To assure uninter- 


and females would occur 
4-week period from one release. 
rupted emergence of both sexes over a longer period, 
some repeated release schedules were employed. 

Some Metaphycus spp. to serve as companion para- 
sites were present at all colonization sites. The com- 
monly occurring species attacking Coccus /hesperi- 
dum were M. luteolus and M. stanleyi. On Satssetia 
oleae and S. hemisphaerica, M. stanleyi was usually 
present and M. helvolus invariably occurred. How- 
ever, the suitability of the latter species as a host for 
male Coccophagus has not as yet been adequately 
established. 

An additional source of companion parasites was 
provided from the colonizations of immature Cocco- 
phagus basalis, since the melons designed to pro- 
duce male C. basalis produced Metaphycus 
stanleyi. 

At the colonization sites it was not practical to 
confine the parasites so as to restrict their dispersal. 


also 


However, repeated release of adult males and fe- 
males and the colonization of immature 
described above enhanced the probability that the 
two sexes would meet. 

Although the sources of Coccophagus basalis in 
Brazil and Africa indicated that the species attacked 
a reasonably large number of varied lecaniine hosts 
on a wide assortment of host plants, the exact host 


stages as 
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and host plant preferences could not be well es- 
tablished. Therefore, colonization was made on all 


three of the known lecaniine scale hosts in California, 
and on several different species of plants so that ac- 
ceptable conditions presumably would be available. 
Because optimal climatic conditions 
phagus basalis were not known, an attempt was made 


for Cocco- 


to locate colonization sites in areas with different 
localized climates. All sites in southern California 
fitted into one of three broad climatic categories, 
namely coastal, intermediate, or interior. 
COLONIZATION SitTEs.—Locations were 
principally to favor establishment of Coccophagus 
basalis on Saissetia oleae, which is the most serious 
pest among the known hosts of this parasite. 
Repeated Release Sites —Seven sites were selected 


chosen 


for repeated release, four of which were Saissetia 
oleae infestations which received adult 
Coccophagus basalis. The other three sites consisted 
of infestations of S. oleae, S. hemisphaerica, and Coc- 
cus hesperidum, respectively, selected for repeated re- 
lease of immature parasites. At these seven locations, 
from two to five releases were made during the period 
of susceptible host stages using a total of approxi- 
mately 26,000 female parasites and about 5,000 males. 
Single Release Sites—Thirteen sites were selected 
for single releases of either adult or immature Cocco- 
phagus basalis. As insectary stocks became available, 
sites were selected from infestations of Saissetia 
oleae, S. hemisphaerica, or Coccus hesperidum having 
stages suitable for attack by Coccophagus basalis. 
Some releases were made during each season of the 
year. The 13 sites were each colonized with 500 to 
1500 adult or immature females plus the males. A 
total of approximately 15,000 females and 3,500 males 
were colonized at the single release sites. 
PARASITE Recovery.—Recovery attempts 
made at all parasite release sites during 1959. At 
most of these sites the host species were being at- 
tended by ants. Scale-infested twig samples were 
brought into the laboratory and held in battery jars 
until after emergence and death of the issuing para- 
then examined for the presence of C 


releases of 


were 


sites, and 
basalis. 
In 1959, recoveries were made at four of the re- 
Three of these sites were in the coastal 
area and the arid interior area. Two 
were on Saissetia oleae infestations and two on S. 
hemisphaerica. Two were from repeated release sites 


lease sites. 


one was in 


and two were from locations receiving single libera- 
tions. Except for the fact that no recoveries were 
made from Coccus hesperidum, there appeared to be 
no consistent pattern in the success attained with 
different techniques of release or different types of 
release sites. 

At present it is not known if Coccophagus basalis 
is permanently established in California. If it is, 
it had to do two things: (1) overcome adversities of 
a climate to which it may not have been accustomed, 
and (2) find suitable companion parasites for de- 
velopment of the hyperparasitic male. 
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DISCUSSION 


The significance of three features of the biology 
of Coccophagus basalis is obscure. First, the inability 
of the female C. basalis to support production of its 
hyperparasitic male is not as yet fully understood. 
There might be some unrecognized conditions under 
which this relationship would occur in nature. The 
requirement of a different species for male produc- 
tion would appear to be a handicap to survival of 
the species. Second, it is difficult to understand why 
C. basalis, unlike all other known species of Cocco- 
phagus, should select only the subesophageal ganglion 
of its host as the site of egg deposition. And, it is 
strange that eggs in the ganglion do not affect nor- 
mal development of the host. Third, although the 
black jacket around the male egg is assumed to pro- 
tect the larva during the active feeding period of the 
companion parasite, it may serve other functions. 

The association of Coccophagus basalis with ant 
infestations is of interest. Facts which presumably 
would enable the species to coexist with ants include 
a rapid rate of oviposition and a preference for small 
hosts, which are less attractive to ants. The parasite 
was found in Brazil associated with ants, and it was 
believed that the ants might be conducive to success- 
ful increase of the species. Despite otherwise seem- 
ingly conditions, however, no _ establish- 
ments were secured in California on Coccus hesperi- 
dum where ants were abundant. 

Because of the economic interest in a parasite 
which attacks small stages of Saissetia oleae and be- 
cause of the unusual life history of Coccophagus 
basalis, further investigation of this parasite is con- 
templated. 


favorable 
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ABSTRACT 


New species described and illustrated are Phlebotomus 
odax, /. oresbius, ?. socculus (male only), P. dasym- 
erus, ?. cratifer (female not distinguished from P. un- 
dulatus, whose males nave not been found in Panama), 
P. hansoni, ?. reburrus, P. pius, and /?. botellus (female 
only). P. oresbius, P. pius, and P. botellus are known 
only from Chiriqui Province; P. hansoni occurs in Costa 
Rica, and P. cratifer in Honduras and Chiapas, in addi- 


The species here treated have been selected for 
description either because we are now reasonably 
certain of the association of the sexes, or because they 
are sufficiently unusual to need consideration in any 
future attempts to arrange the Phlebotominae in some 
sort of reasonable order. Several of the species will 
not fit easily into any of the categories suggested 
by one of us in an earlier publication (Fairchild 
1955), while others combine characters thought to be 
diagnostic of separate categories. Dependence mainly 
on characters of the male genitalia for grouping the 
species is proving deceptive, as these structures ap- 
pear to be unusually plastic and may be widely dis- 
similar in species with closely similar females. On 
the other hand, males with quite similar genitalia 
may differ greatly in other respects and have females 
which appear quite unrelated. We therefore, 
that it is important to have on record adequate de- 
scriptions of both sexes of a much greater proportion 
of the described species before embarking on further 


feel, 


efforts at a suitable arrangement. 

The shape of the second sternite has, on further 
study by Forattini (1954) and ourselves, proven to 
be chiefly useful as a group character, and not to be 
wholly depended on to separate closely related spe- 
cies or to associate males and females in the absence 
of other characters. It is useful in a negative way, 
since males and females with different second stern- 
ites can be presumed not to belong together. We 
have therefore not always given figures of this struc- 
ture in the descriptions which follow, though indi- 
cating in the text the general form of the sclerite, 
whether divided, with median clear areas, or entire. 

Holotypes of these and other species described by 
us are to be deposited in the United States National 
Museum. 


Phlebotomus serranus Damasceno and Arouck 
Plate I, figs. 1-9 
Phlebotomus serranus Damasceno and Arouck, 1949, Rev. 
Serv. Especial Satide Publ. 2 (July): 843-6, figs. 1-6 
(¢, Serra da Piriabas, Municipio de Vizeu, Rio Piria, 
1The work here reported was supported in part by a_re- 
search grant from the National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, U. S. P. H. S._ Partial 
cost of publication of this paper was met by Gorgas Memorial 
Institute of Tropical and Preventive Medicine Accepted for 
publication December 20, 1960 
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tion to Panama. P. marajoensis Damasceno and Causey 
is redescribed from Panamanian material, and 
rence in Venezuela, Trinidad, and Colombia is recorded. 
The previously unknown female of P. volcanensis F. & H. 
is described; and redescriptions are given of both sexes 
of P. serranus Damasceno and Arouck (=P. guayasi 
Rodriguez, new synonymy), which is here reported from 
Panama and north to Chiapas. 


its occur 


Estado do Para, Brasil; type in Dept. Parasitologia, 
Faculdade de Higiene e Saude Publica, Sao Paulo) 
Barretto, 1951. Arq. Hig. Satide Publ. 15(46): 223. 

Sergentomyia serrana, Barretto, 1955, Rev. Brasil. Ent. 
3: 185. Barretto, Martins, and Pellegrino, 1956, Folia 
Clin. et Biol. 26(1-6): 50 ( N.E. Minas Gerais). 
Barretto, Martins, and Pellegrino, 1958, Rev. Brasil. 
Malariol. e Doencas Trop. 10(2): 185 (republication 
of 1956 article). 

Phlebotomus guayasi Rodriguez, 1956, Rev. Ecuatoriana 
Hig. y Med. Trop. 13(2): 76-78, pls. 1-2 (22, 19, 
Estero Claro, Canton Yaguachi, Prov. Guayas, Ecua- 
dor ; types in Instituto Nacional de Higiene, Guayaquil ). 
New synonymy. 


1 


Through the kindness of our friends Drs. O. P. 
Forattini and J. D. Rodriguez, who kindly compared 
slides of the present species and P. odax n.sp. with 
the types of P. serranus and P. guayasi, and also 
supplied excellent sketches of the genitalia of the 
types, we are able to establish the above synonymy. 
Dr. Forattini’s sketch shows the coxite with 
basal setae in a row; although in the original de- 
scription the number is given as 8 to 10, the figure 


five 


shows six. The specimen from Minas Gerais re- 
ported by Barretto had four setae on one coxite, five 
on the other. Dr. Rodriguez wrote us that his origi- 
nal figure of the type had the basal spine on the 
style too heavy; his sketch shows it but. slightly 
thicker than our material. 

Our ees a: and W. J 


associates : 
Hanson have reared this species from eggs laid in the 


Johnson 
laboratory by wild-caught females, so there is no 
doubt We 
below a brief redescription of the species, together 
with figures taken from Panama specimens. 
Male—Wing length of 22 wild-caught specimens, 
1.2 to 1.5 mm., of 7 reared specimens 1.35 to 1.45 
mm.; venation as figured. Mesonotum and dorsum of 
abdomen lightly infuscated, pleura pale. Abdominal 
setae erect, sparse, densest on posterior margins ot 
tergites. Upper anepisternal setae five to nine, lower 
mesanepisternals two to three, all slender. Head and 
its appendages similar to female, though third an- 


as to the association of the sexes. give 


tennal segment longer, reaching to middle of third 
palpal segment. Ascoids as in female, though shorter, 
paired on all but terminal segment. Palpal formula 
1-4-2-3-5, the fifth about as long as the three preced- 





PLATE | 

P. serranus Damasceno and Arouck, figs. 1-9. Fic. 1, male genitalia and genital pump of slide 6043, 
reared from egg laid by a wild-caught female. Fic. 2, paramere of slide 6048. Fic. 3, male wing 
slide 6053. Fic. 4, head of female, slide 6054. Fic. 5, cibarium of female, slide 6055. Fic. 6, antennal 
segment V of 92 ,slide 6054. Fic. 7, spermathecae of slide 6054, drawn in phenol, left enlarged. Fic. 8 
spermathecae of slide 6055, drawn in balsam. Fics. 4-8 from specimens reared from same batch of eggs. 
Fic. 9, genital fork. slide 6405. 

P. odax, n. sp. Fries. 10-14. Fic. 10, male genitalia, slide 2452. Fic. 11, genital pump, slide 2451 
Fic. 12, spermathecae, slide 4579, drawn from balsam mount. Fic. 13, spermathecae, slide 3327, drawn 
in phenol before mounting. Fic. 14, wing of male, slide 4359. 
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ing together. Pharynx slender, prominently ridged at 
apex.” Cibarium unarmed, the pigment patch weaker 
and more slender than in female. Genitalia as figured, 
the filaments about three times pump, heavy and with 
expanded tips. Second; sternite usually divided by a 
broad unsclerotized pale strip, occasionally this re- 
duced to a series of irregular fenestrae. Legs rather 
short, the femora, tibiae and basitarsi of slide 2416 
measuring, in millimeters, as follows: fore leg, 0.6, 
0.5, and 0.35; mid leg, 0.55, 0.65, and 0.4; hind leg, 
0.6, 0.75, and 0.4. 

Female—Wing length of reared specimens 1.7 to 
1.8 mm. of wild-caught specimens 1.5 to 1.8 mm. 
Venation as in male, but both alpha and delta con- 
siderably longer, though keeping same relative pro- 
portions. Coloration and vestiture as in male. Up- 
per anepisternal setae 6 to 12, lower mesanepisternals 
2 to 4, the latter at least ligulate. Sides of eighth 
segment with a patch of up to 10 long setae. Head 
and its appendages as figured. Ascoids as figured, 
paired on all but terminal segment. Palpal formula 
1-(2-4)-3-5, the fifth nearly equalling the preceding 
three together. Pharynx broad, well sclerotized, with 
finely denticulate ridges at apex. Cibarium as figured, 
the outline of the chitinous arch ill-defined in the 
middle. Spermathecae and genital fork as figured. 
Cerci. short, subtriangular. sternite with 
median clear fenestrae, not usually with a complete 
unsclerotized median strip, but similar in shape to 
male. Legs rather short, the femora, tibiae, and 
basitarsi of slide 6061 measuring, in millimeters, 
as follows: fore leg, 0.7, 0.7, and 0.4; mid leg, 0.7, 0.8, 
and 0.5; hind leg, 0.8, 1.0, and 0.5. 

Description drawn mainly from 204, 179 reared 
in the laboratory from eggs laid by three wild-caught 
females. Agreeing with these, we have identified 
about 90¢ and 302 from 16 localities in Panama, 
fairly well distributed over the country from sea 
level up to 3000 ft. elevation. We seen 
the species from Palenque, Chiapas, Mexico; Tela, 
Honduras; Villa Somoza, Nicaragua, and two lo- 
calities in Costa Rica. The favored habitat seems to 
be in hollow trees containing bats, but catches from 
roots of forest 


fair 


Second 


have also 


the crevices between the buttressed 
trees have been only slightly less abundant. A 
number have also been taken in light traps, and a 
few either biting or attracted to flashlights by col- 
lectors at our Yellow Fever Stations, both at ground 
level and in the forest canopy. 

Males of serranus are easily separated from odax 
n.sp and oresbius n.sp. by the character of the setae 
in the basal tuft, and by slight differences in the shape 
and character of the setae on the parameres and the 
shape of the aedeagus. Oresbius is, in addition, con- 
siderably larger. Females of serranus are nearly in- 
distinguishable from odax n.sp., separation being 
based entirely on the structure of the spermathecae, 
especially the lengths of the individual ducts, so that 


2?The “apex” or “proximal end” of the pharynx is in 
reality the posterior end, where the pharynx joins the oesophagus 

the end opposite the cibarium. In our figures and mounted 
specimens it is the visually upper end. 
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in the many cases where these structures are not well 
displayed in slide mounts, it is impossible to assign 
the specimen. Females of oresbius differ in the 
spermathecae, cibarium, and in larger size. 


Phlebotomus odax, new species 

Plate I, figs. 10-14; Plate II, fig. 7 
Male—Wing length 1.2 to 1.35 mm., venation as 
figured. Whole insect pale, the mesonotum hardly 
darker than pleura. Abdominal setae erect, 
Upper anepisternal setae five to eight, lower mesane- 
pisternals two to three. Head and appendages as in 
Palpal formula 1-4-2-3-5, the fifth longer 
Pharynx slender, 


sparse. 


serranus. 
than any two preceding segments. 
with numerous fine ridges at apex. Cibarium slender, 
unarmed, the chitinous arch prominent, far distal of 
Genitalia as figured, the fila- 


Second 


pharyngeal junction. 
ments about four times as long as pump. 
sternite short, with a wide median clear area. 
short, the femora, tibiae, and basitarsi of slide 2451 
measuring, in millimeters, as follows: fore leg, 0.6, 
0.55, and 0.3; mid leg, 0.55, 0.65 and 0.35; hind leg, 
0.65, 0.8, and 0.4. 

Female—Wing length 1.5 to 1.6 mm., venation as 
in male, though alpha proportionately longer. Colora- 
tion pale, though mesonotum and abdomen a little 
darker than in male. Abdominal setae as in male, a 
small group on sides of eighth segment. Upper ane- 
pisternal setae seven to nine, lower mesanepisternals 
one to three. Head and appendages as in serranus, 
the palpal formula 1-4-2-3-5, the fifth segment longer 
Pharynx broad and well 


Legs 


than any two preceding. 
sclerotized, its proximal end with numerous pointed 
lobes. Cibarium as in serranus, with four horizontal 
teeth, but the chitinous arch broader and more diffuse 
in the middle. 
fork as in Cerci 
Second sternite as in male. 


Spermathecae as figured, the genital 
short, subtriangular, as 
Legs short, the 


serranus. 
figured. 
femora, tibiae and basitarsi of slide 3779 measuring 
in mm. as follows: fore leg, 0.65, 0.65, and 0.4; mid 
leg, 0.65, 0.8, and 0.45; hind leg 0.7, 0.9, and 0.5. 

Holotype male, slide 4168, Almirante Yellow Fever 
Sta., Bocas del Toro Prov., Panama, 15 Oct. 1952, 
taken in light trap at ground level, A. Quinonez coll. 

Allotype female, 3327, Almirante Yellow 
Fever Sta., Bocas del Toro Prov., Panama, 20 June 
1951, taken at human bait in forest canopy 48 feet 
above ground level, A. Vivanco coll. 

Paratypes: 22,89, Almirante, Yellow Fever Sta- 
tion, taken in light traps or biting man in the forest 
canopy at night, various dates during 1951 and 1952; 
24,12, Finca Nievecita, Almirante, Bocas del Toro 
Prov., Panama, 17 June 1950, in tree buttresses, 
R. Hartmann coll.; 24, 1 Lancetilla valley, Tela, 
Honduras, Sept. 1953 to Jan. 1954, in light trap, W. 
Hils coll.; 12, Villa Somoza, Nicaragua, taken in 
forest canopy at night, 2 Sept. 1953, Mejia coll.; 12, 
near Esquintla, Guatemala, 25 May 1945, in but- 
tresses, Fairchild coll. In addition, we 319 
mounted on slides from the above and other localities 


slide 


have 


in Panama whose spermathecae are so shrunken that 
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identification is uncertain. There is also considerable 
unmounted material, nearly all females, whose iden- 
uty is uncertain, but which is probably in part, at 
least, this species, though predominantly serranus. 

rhis species is closely similar to P. serranus D. 
and A., from which it can be separated in the male 
by the shorter and stouter setae in the basal tuft 
not being inserted in a straight row, and by the more 
slender, tapered aedeagus. The females of the two 
species are difficult to separate; the present species 
seems to have longer individual ducts and a shorter 
common duct to the spermathecae than serranus. 
Separation is thus impossible without well preserved 
material. 

P. serranus has stood for several years as “species 
©” in our collection, while the present species has 
been designated as We have re- 
sisted the temptation of calling it “nero” and chosen 
odax which means “a biting of the lips in irritation” 
because of our difficulty in separating it from ser- 
ranus. 


“species near O”. 


Phlebotomus oresbius, new species 
Plate II, figs. 1-6 
Wale—W ing length 1.8 mm., venation as figured. 
Head, 


pleura and appendages pale. 


mesonotum and abdomen lightly infuscated, 
Abdominal hairs erect, 
sparse, most numerous on posterior and lateral mar- 
tergites. Upper anepisternal setae eight, 
esanepisternals two. Head proportions as in 
and A., but palpi and third antennal 
Palpal 1-(2-4)-3-5, the 
fifth segment clearly longer than any two preceding 
Pharynx unarmed. Cibarium 
the strong, with a median 
broad sclerotized band from arch to region of sali- 


gins ot 
lower n 
serranus D. 
formula 


segment longer. 


segments. slender, 
slender, unarmed, arch 
vary pump, giving the appearance of a trident under 
Ascoids simple, long, 
reaching ends of segments, apparently 
but last two segments. Genitalia as 
filaments a little than three 
pump, rather thick and with slightly ex- 
panded tips, the pump Second sternite 
in middle and with a broad unsclerotized 
strip. g the and 
basitarsi of slide 4191 measuring in millimeters, as 
follows: fore leg, 0.75, 0.80, and 0.50; mid leg, 0.70, 
1.0, and 0.6; hind leg, 0.75, 1.15, and 0.65. 

Female —Wing length 1.9 to 2.25 
as in male, though wing slightly broader. Coloration 


low magnification. slender, 


not quite 


- 


i 
paired on all 


figured, more times 
length of 
as figured. 
narrowed 
long, femora, tibiae, 


median Legs 


mm., venation 
and abdominal setae as in male; a few setae on sides 
of eighth segment. Upper anepisternal setae 8 to 11, 
Head similar in pro- 
portions to serranus, but proboscis slightly longer, 
palpi and third antennal segment markedly longer. 
Ascoids slender, simple, exceed- 


lower mesanepisternals 2 to 3. 


Cibarium as figured. 
ing ends of their respective segments, paired on all 
Palpal formula 1-4-2-3-5, 
Pharynx broad, well 


but last antennal segment. 
fifth nearly equalling 2+3+-4. 
sclerotized, with weakly denticulate concentric ridges 


at apex. Spermathecae and genital fork as figured. 
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Cerci short, subtriangular, as in odax but larger. 
Second sternite as in male. Legs as in male, pro- 
portions same, though all segments slightly longer. 

Holotype male, slide 4191, Santa Clara, Volcan, 
Chiriqui Prov. Panama, 23 Aug. 1952, taken in tree 
buttresses, R. Hartmann coll. 

Allotype female, slide 4193, same data as holotype. 

Paratypes; 52 from the following localities all 
taken in Chiriqui Prov., Panama, by R. Hartmann; 
19, Santa Clara, 23 Aug. 1952 and 29, 17-27 Aug. 
1950, all in tree buttresses; 19, Rio Candela, 11 Aug. 
1951, buttress; 192, Lagunas del Volcan, 19 May 
1950, 4600 ft. elevation in hollow tree. The name is 
from Gr. oresbios, living in mountains. 

This species is closely related to serranus Damas- 
ceno and Arouck and odax n. sp., differing from both 
in larger size, shape of parameres, and in the more 
slender straight setae in the basal tuft of coxite. The 
female differs from both in the much larger “head,” 


or terminal annulus, of the spermatheca and the 


shorter, more finely annulate body. 


Phlebotomus socculus, new 
Plate II, figs. 8-13 

Vale-—Wing length 1.85 to 2.0 mm., venation as 
figured. Whole insect lightly infuscated, the mesono- 
tum darkest. Abdominal and 
larger on posterior and lateral margins of tergites. 
Upper anepisternal setae four to eight, lower mesane- 
pisternals three, all slender. Head and appendages as 
figured. Ascoids of fourth antennal 
figured, paired on all but last two segments. Pharynx 
slender, with well-marked irregular ridges at apex 
Cibarium with irregular denticles, a small round pig- 
ment patch and a well-marked rather flat chitinous 
arch well distal to pigment patch. Palpal formula 
1-4-(2-3)-5, fifth segment about equalling 3+4, less 
than 2+3. Genitalia as figured. Pump as figured, the 
filaments about 2.5 times as long as pump, their tips 
slightly expanded. Second sternite slender, as figured, 


species 


setae erect, denser 


segment as 


with a clear unsclerotized median strip. Legs mod- 
erately long, the femora, tibiae, and basitarsi of slide 
4921 measuring, in millimeters, as follows: fore leg, 
0.85, 1.35, and 0.85; mid legs, 0.75, 1.50, and 0.90; 
hind legs, 0.80, 1.70, and 1.0 

Female.—Unknown. 

Holotype male, slide 4921, Finca Barranco, Al- 
mirante, del Toro Prov., Panama, 24 Jan. 
1956, buttresses in cacao planation, Hertig and Hart- 


Bocas 


mann colls. 

Paratypes, three males: slide 2458, Finca dos 
Canos, Almirante, 18 June 1950, in buttress, Hart- 
mann coll.; slide 3789, Almirante Y. F. Sta., 28 Jan. 
1952, in buttress, Quinonez coll.; slide 4181, Al- 
mirante Y. F. Sta., 11 Nov. 1952, in buttress, Hils 
coll. The name is from the Latin for a little slipper, 
in reference to the shape of the tip of the paramere. 

The relationships of this species are clearly with 
the shannoni group. It differs from the described 
species mainly in the shape of the paramere, ap- 
proaching most closely some forms of shannoni with 
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PLate II 

P. oresbius, n. sp., figs. 1-6. Fic. 1, male genitalia and genital pump of slide 4191. Fic. 2, wing of 
male, slide 4191. Fic. 3, spermathecae, drawn in phenol, of specimen from lot 775, Sta. Clara, Chiriqui, 
23 Aug. 1952. Fic. 4, first three sternites of female, slide 2435. Fic. 5, genital fork, slide 4193. Fic. 6, 
cibarium of female, slide 4193. 

P. odax,n. sp., Fic. 7, terminal abdominal segments of female, slide 3981. These structures are il 
same in oresbius, only slightly larger. 

P. socculus, n. sp., figs. 8-13. Fic. 8, male genitalia, slide 4921. Fic. 9, genital pump, slide 4921 
Fic. 10, tip of paramere, outer aspect, slide 4921. Fic. 11, first three sternites of male, slide 3789. 
Fic. 12, head of male, slide 4921. Fic. 13, antennal segment V of male, composite from slides 2458 and 
4181. Fic. 14, wing of male, slide 4921. 
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reduced number of setae (e.g., abonnenci Floch and 
Chassignet), but differing in the presence of a ven- 
tral subapical lobe and by having the setae curved, 
as in undulatus. The female would be expected to 
be similar to shannoni, and probably not distinguish- 
able with certainty without reared material. 


Phlebotomus dasymerus, new species 
Plate III, figs. 1-12; Plate IV, figs. 11-13 

Male—Wing length 2.05 to 2.5 mm., venation as 
figured. Whole insect moderately infuscated, though 
mesonotum darkest. Abdominal setae erect, unevenly 
scattered, with bare dorsolateral areas on each tergite. 
Upper anepisternal setae five to nine, lower mesane- 
pisternals one to three, both slender, not scalelike. 
Head and proboscis shorter than in female, hence 
eyes appearing proportionately larger. Ascoids as 
figured, paired on all but last two segments. Palpal 
formula 1-4-(2-3)-5, fifth less than third and fourth 
together. Pharynx slender, weakly ridged at apex. 
Cibarium with pigment patch and arch as in female, 
though fainter; no visible teeth. Genitalia and geni- 
tal pump as figured, the latter of unusual structure. 
Filaments about twice length of pump, slender, their 
tips simple. Second sternite narrowed at middle, with 
a narrow unsclerotized median strip, as in females. 
Legs very long, the femora, tibiae, and basitarsi of 
slide 4294 measuring, in millimeters, as follows: fore 
leg, 1.15, 2.15, and 1.45; mid leg, 1.0, 2.25, and 1.4; 
hind leg, 1.1, 2.45, and 1.5. 

Female.—Wing length 2.25 to 2.5 mm., 
as in male, though wing broader. Color and vestiture 
as in male. Upper anepisternal setae four to nine, 
lower mesanepisternals one to four. A small group 
[ Head and ap- 
pendages as figured. male, but the 
proximal prolongation reaching beyond base of seg- 
ment, the distal to or beyond apex of segment, paired 
on all but last two segments. Palpal formula 1-4- 
Pharynx moderately slender, with fine 
wrinkles at apex. Cibarium as figured, the pigment 
patch unusually large and dense. Spermathecae and 
genital fork as figured, the former with an envelope 
as in shannoni when examined in water or phenol 
before treatment with KOH. Cerci and first two 
sternites as figured. Legs very long, the femora, 
tibiae, and basitarsi of slide 3845 measuring, in milli- 
meters, as follows: fore leg, 1.1, 1.7, and 1.2; mid 
leg, 0.9, 1.75, and 1.2; hind leg, 1.0, 2.0, and 1.3. 

Holotype male, slide 3866, Mojinga Swamp, Ft. 
Sherman Reservation, Canal Zone, 10 Dec. 1951, 
light trap, F. S. Blanton coll. 

\llotype female, slide 4651, Camp Pina, Ft. Sher- 
man Reservation, Canal Zone, 13 April 1954, light 
trap, F. S. Blanton coll. 

Paratypes, 234, 202 mounted on slides from the 
following localities in Panama and the Canal Zone: 
1,19, Juan Mina, C. Z.; 19, Madden Dam, C. Z.; 
19, Mind: Dairy, C. Z.; 32, Camp Pina, C.. Z.; 
134, 89, Mojinga Swamp, C. Z.; 12, 19, Loma 
Borracha, Ft. Sherman Reservation, C. Z.; 29, 


venation 


of setae on sides of eighth segment. 
Ascoids as in 


a 
(2-3)-5. 
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Arraijan, Panama Prov., R. P.; 2, Rio Corotu, 
Panama Prov.; 14, Rio Maje, Panama Prov.; 1¢, 
Tocumen, Panama Prov.; 14, Pacora, Panama 
Prov.; 24,19, La Joya, vic. Pacora, Panama Prov. ; 
1g, 22, Almirante, Bocas del Toro Prov. In addi- 
tion we have a single male from Palenque, Chiapas, 
Mexico, 30 March 1951, hollow tree with bats, Fair- 
child and Hartmann colls.; 192, Guapiles, Costa 
Rica, 17 June 1950, Vargas Mendez leg., and 29, 
Villa Somoza, Nicaragua, 2 Sept. and 12 Nov. 1953, 
taken at a mosquito collecting station in the tree- 
tops, which are also paratypes. There are also a few 
specimens identified and stored unmounted from the 
above and other localities in the Canal Zone and 
nearby Panama. The bulk of the material has come 
from automatic fan-type light traps, with scattered 
specimens from between tree buttresses, rock crevices, 
etc. Aside from the two specimens taken in Nica- 
ragua, which may have attempted to bite the collec- 
tors, we know nothing of the habits of the species. 
Its distribution indicates a preference for heavy 
forest in areas of high rainfall. Specimens have been 
taken in every month save January, February, May 
and August. The name refers to the bristly basal 
piece on the paramere. 

This species is close to P. campbelli Damasceno, 
Causey, and Arouck from the Amazon. It differs 
from campbelli in details of the paramere and in 
lacking the three small teeth on the tips of the genital 
filaments found in that species. One of us (MH) 
examined the type of campbelli in U.S.N.M. and 
made the camera lucida sketches reproduced here 
for comparison (PI. IIT, figs. 13-14) since the ori- 
ginal figure of campbelli is quite schematic. The 
ascoids in campbelli, not mentioned in the original 
description, have long proximal prolongations, as in 
dasymerus. On the basis of structure of ascoids, 
cibarium and spermathecae, this species seems to be- 
long near shannoni Dyar. 


Phlebotomus cratifer, new species 
Plate IV, figs. 1-10 


Male.—Wing length 1.85 to 2.15 mm., venation as 


figured. Mesonotum and abdomen brown, rest of 
body and appendages paler, but whole insect mod- 
erately infuscated. Abdominal setae erect, rather 
sparsely but evenly distributed. Upper anepisternal 
setae five to nine, lower mesanepisternals none to 
two. Head similar to female, but proboscis and palpi 
shorter and third antennal segment longer. Ascoids 
as in female, paired on all but last two segments. 
Pharynx more slender than female. Cibarium with 
no teeth, but scattered denticles, arch and pigment 
patch as in female, but weaker. Palpal formula 
1-4(2-3)-5, fifth greater than 2+3. Genitalia as 
figured. Genital filaments about 2.5 times length 
of pump. Second sternite as figured, narrowed an- 
teriorly and with a colorless median strip which 
bisects the hind border. Legs long, the femora, tibiae, 
and basitarsi of slide 3025 measuring, in millimeters, 
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PrateE III 

P. dasymerus, n. sp., Fics. 1-12. Fic. 1, male genitalia, slide 3866 and tips of genital filaments, slide 
2208. Fic. 2, genital pump, dorsal view, slide 3862. Fic. 3, genital pump, lateral view, slide 3866. 
Fic. 4, antennal segment V, male, slide 3862. Fic. 5, head, female, slide 4958. Fic. 6, female, cibarium 
slide 4148. Fic. 7, cibarial teeth, slide 4148. Fic. 8, paramere, outer aspect, slide 4154. Fic. 9, paramere, 
apex, inner aspect, curved towards observer, slide 4294. Fic. 10, genital fork, slide 4958. Fic. 11 
spermathecae drawn from balsam mount, slide 2273, and ends of spermathecal ducts, slide 4958, Fic. 12, 
spermathecae drawn in phenol, slide 2273. These two figures show the great change in appearance 
after mounting in balsam of the same specimen. 

P. campbellt Damasceno, Causey and Arouck, Fics. 13-14. Fic. 13, tips of genital filaments. Fic. 14 
paramere, outer aspect, both drawings from holotype in U.S.N.M. 
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as follows: fore leg, 0.9, 1.3, and 0.9; mid legs, 0.8, 
1.35, and 0.9; hind legs, 0.9, 1.55, and 1.05. 

Female-——Not distinguishable with certainty from 
what we believe is the female of P. undulatus F. and 
H. We also are unable to point out nonsexual charac- 
ters which will distinguish the males of undulatus and 
cratifer. Males of both species have been taken to- 
gether and with females at several localities in Chia- 
pas, Mexico, and in Honduras. Only undulatus males 
have been taken in Panama. We describe and figure 
these females below without committing ourselves as 
to whether they belong with cratifer or undulatus or 
both 

Wing length 1.85 to 2.30 mm., venation as in male, 
though wing generally slightly broader. Color and 
abdominal setae as in male. Upper anepisternal setae 
5 to 12, lower mesanepisternals 1 to 4. A few setae 
on sides of eighth segment. Head and appendages 
as figured, including ascoids, which are paired on all 
Palpal formula 1-4-(2-3)-5, 
Pharynx broad, 


but terminal segment. 
5 = 344. Cibarium as figured. 
lamp-glass-shaped, with weakly denticulate ridges at 
fork as figured. 
Second stern- 


apex. Spermathecae and genital 
Cerci short, subtriangular, as figured. 
ite completely divided by a broad clear strip as in 
male. Legs very long, the femora, tibiae, and basitarsi 
ot slide 3099 measuring, in millimeters, as follows: 
fore legs, 1.1, 1.55, and 1.0; mid legs, 0.95, 1.7, and 
1.1; hind legs, 1.05, 2.0, and 1.25. 

Holotype male, slide 3016, Palenque, 
Mexico, 2 April 1951, taken in tree buttresses in 
forest, Fairchild and Hartmann colls. 

Paratypes: 34, same data as holotype; 1¢, same 
locality, but 30 March 1951 in hollow tree with bats; 
34, Sta. Maria, Cintalapa, Chiapas, Mexico, 14 April 
1951, in buttresses, Fairchild and Hartmann colls.; 
14, Lancetilla Valley, Tela, Honduras 21 Dec. 1953, 
in buttresses, W. Hils coll. The name is from Latin 
or rake, in para- 


Chiapas, 


cratis, a harrow reference to the 
meres. 

Of females agreeing with the above description, 
we have the following: five, Sta. Maria, Cintalapa, 
Chiapas, Mexico, 11, 12, and 14 April 1951, buttresses 
in heavy forest, Fairchild and Hartmann colls.; five, 
Ocosocoautla, 60 Km. W. of Tuxtla Guttierrez, 
Chiapas, Mexico, 8 April 1951, holes and buttresses 
in oak trees, Fairchild and Hartmann four, 
Palenque, Chiapas, Mexico, 30 March and 2 April 
1951, buttresses and hollow tree with bats, Fairchild 
and Hartmann colls.; three, Lancetilla valley, Tela, 
Honduras, 8 Jan. 1954 and 12 March 1954, in but- 
tresses, 18 Nov. 1953, hand caught at night at sta- 
tion D.-O., all W. Hils coll.; four, Mojinga Swamp, 
Ft. Sherman Res., C. Z., 28 Nov. 1951, 29 Jan., 
21 May, 15 July 1952, light traps, F. S. Blanton 
coll.; one, Ft. San Lorenzo, C. Z., 6 May 1952, 
light trap, Blanton coll.; two, Almirante, Bocas del 
Toro Prov., Panama, 11 Feb. and 24 March 1952, 
in buttresses, Quinonez coll.; one, Rio Maje, Charco 
Panama, 26 March 1950, 
Canal Zone, 


colls. ; 


Panama Prov., 
Hartmann 


el Toro, 


in buttresses, one, 


coll. ; 
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Reserve, C. Z., 2 July 1959 in buttresses, 


Hanson coll. 


Forest 


W. J. 


Phlebotomus hansoni, new species 
Plate V, figs. 1-9 
Male-—Wing length 1.25 to 1.4 mm., venation as 
figured. Mesonotum and pleura lightly infuscated. 
Abdominal setae slender, recumbent, except on pos- 
terior borders of tergites, where they are erect. Up- 
slender; lower 
mesanepisternals 3 to 5, Head as 
in female, though proboscis and palpi shorter, so that 


per anepisternal setae 5 to 13, all 
narrowly ligulate. 


end of fourth antennal segment reaches beyond end 
Ascoids simple, shorter than in female, 
not exceeding their respective segments, paired on 
all but terminal three Palpal formula 
1-(4-2)-3-5, the fifth very long, equalling or exceed- 
Pharynx slender, 


of proboscis. 
segments. 


ing the preceding three together. 
lamp-glass-shaped, weakly ridged at apex. Cibarium 
unarmed, the chitinous arch as in female, the pigment 
patch weaker. Genitalia and genital pump as figured, 
the filaments only slightly longer than pump, heavy, 
Second sternite short and 
Legs rather 


their tips unevenly bifid. 
broad, without clear areas, as in female. 
short, the femora, tibiae, and basitarsi of slide 3400 
measuring, in millimeters, as follows: fore legs, 0.6, 
0.5, and 0.3; mid legs, 0.6, 0.7, and 0.35; hind legs, 
0.7, 0.8, and 0.4. 

Female.—Wing length 1.45 to 1.65 mm., venation 
as in male, though alpha and delta longer, since most 
of the increased wing length in this sex is in the 
apical half of the wing. Color as in male. Abdominal 
setae recumbent, slender, as in male. A patch of up 
to 12 long, slender setae on sides of eighth tergite. 
Upper anepisternal setae 6 to 14, all slender; lower 
mesanepisternals 3 to 6, narrowly ligulate. Head and 
appendages as figured. Ascoids as figured, paired 
on all but terminal segment. Palpal formula 1-(2-4)- 
3-5, the fifth nearly equalling the previous three to- 
gether. Pharynx broad and well sclerotized, lamp- 
glass-shaped, weakly ridged at apex. Cibarium as 
figured, the area beneath the horizontal teeth heavily 
sclerotized so that the scattered vertical teeth are 
difficult to see. Spermathecae very small, as figured. 
Genital fork with broad stem, as figured. Cerci small, 
as figured, roughly triangular with rounded angles. 
Second sternite as figured. Legs rather short, the 
femora, tibiae, and basitarsi of slide 3923 measuring, 
in millimeters, as follows: fore leg, 0.65, 0.6, and 
0.35; mid legs, 0.7, 0.8, and 0.45; 
0.9, and 0.5. 

Holotype, slide 2210, Rio Corotu, Puerto Ar- 
muelles, Chiriqui Prov., Panama, 23 April 1950, 
taken between buttressed roots of tree, R. Hartmann 


hind legs, 0.75, 


coll. 
Allotype, slide 2009, Juan Mina, Canal Zone, 15 
Dec. 1949, in hollow bat tree, M. Hertig coil. 
Paratypes, 31 ¢, 239 mounted on slides from the 
following localities, all in Panama or the Canal Zone; 
74,12, Chorrera, Panama Prov., Jungle Aid Sta- 
tion, in and hollow trees with bats, 


hollow roots 





PLATE I\ 

P. cratifer, n. sp. Fries. 1-10. Fic. 1, male genitalia and genital pump, slide 3016. Fic. 2, antennal 
segment V, female, slide 3002. Fic. 3, head, female, slide 3002. Fic. 4, spermathecae, slide 3099 
Mexico, drawn from balsam slide mount. Fic. 5, spermathecae slide 3907, Panama, balsam mount. 
Fic. 6, cibarium, slide 3012. Fic. 7, wing, male, slide 3016. Fic. 8, genital fork, slide 3069. Fic. 9 
first three sternites, male, slide 3016. Fic. 10, terminal abdominal segments, female, slide 4395. 

P. dasymerus, n. sp., Fics. 11-13. Fie. 11, first three sternites, female, slide 2446. Fic. 12, terminal 
abdominal segments, slide 3648. Fic. 13, wing, male, slide 3866 
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7 April 1944, 9 July 1944, 1 Dec. 1946 and 22 Feb. 
1947, M. Hertig and G. B. Fairchild colls.; 16, 22, 
Juan Mina, Canal Zone, in hollow trees with bats, 16 
April, 30 May 1944, 15 Dec. 1949, M. Hertig coll.; 
1g, Chiva Chiva road, C. Z., 21 May 1944, in hollow 
tree with bats, M. Hertig coll.; 62, 49, Cruces 
Trail, Canal Zone Forest Reserve, 7 Sept. 1949, 4, 10, 
25 Aug. 1951, one in tree buttress, the rest in a small 
tree hole, M. Hertig coll.; 92, 39, Rio Corotu, Pto. 
\rmuelles, Chiriqui Prov., 20-23 April 1950, in tree 
buttresses, R. Hartmann coll.; 1 ¢, Puerto Armuelles, 
Chiriqui Prov., 9 June 1951, in tree buttress, M. 
Hertig coll.; 34,39, El Maria, Coiba Id., Veraguas 
Prov., 15-17 Jan. 1950, in buttresses and tree hole, 
R. Hartmann coll.; 1¢,49, Almirante Yellow Fever 
Station, Bocas del Toro Prov., 6, 19, 20 June 1951, 
17 March, 1952, 26 May 1952, the male taken in the 
forest canopy, the females in buttresses at ground 
level; 12, Changuinola District, Bocas del Toro, 16 
Aug. 1944, between buttresses of large tree in cacao 
plantation, G. B. Fairchild coll.; 29, Finca Nievecita, 
Almirante, Toro, 19, 22 June 1950, but- 
tresses of trees in cacao plantation, R. Hartmann coll. ; 
22, Loma Borracha, Ft. Sherman reservation, C. Z., 
8 May, 2 July 1952, light trap, F. Blanton coll.; 19, 
Fort Davis, C. Z., 28 Aug. 1952, light trap, F. Blan- 
ton coll.; 12, Barro Colorado Island, C. Z., 21 May 
1944, in buttress, W. W. Middlekauff coll.; 19, 
Cacique, Colon Prov., 20 Sept. 1944, in tree but- 
tress, R. Hartmann coll. In addition, we have 264, 
2492 stored in alcohol from the above and a few 
additional localities in the vicinity of the Canal Zone. 
We also have a single female from Finca Josefina, 
San Carlos, Costa Rica, 10 Jan. 1952, unmounted 
and stored in alcohol. Finally, our colleague W. J. 
Hanson has reared the species on several occasions 
from larvae taken in soil between the buttressed roots 


Bocas del 


of forest trees 

This species seems closely related to P. baityt 
Damasceno, and Arouck, with which it 
agrees in external characters such as wing venation, 
proportions of palpal segments, ascoids, etc. The 
male genitalia of hansoni, although quite similar in 
basal tuft of nu- 
merous minute upward-directed setae instead of five 
to six long distally directed stout setae; parameres 
more slender, differently shaped, without a single 
prominent stout seta, but with two setae somewhat 
larger than the others; distal tuft of stout setae on 
coxite in a more compact group. Hansoni also bears 
a strong subterminal seta on the style, not shown for 
baityi and not noted in our examinations of the holo- 
type in U.S.N.M., though it was not specifically 
searched for. The figure of baityi is quite schematic. 
Hansoni appears to be unique among American 
species of Phlebotomus in having two terminal spines 
and a subterminal seta on the style. Also noteworthy 
are the very short genital filaments, very short third 
antennal segments, and short basitarsi. 

The female is associated with the male on 
cordance of external characters, similar cibarium and 


Causey, 


general shape, differ as follows: 


con- 
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It also is unique among de- 
small 


sternite, etc. 
scribed American Pilebotomus in the 
spermathecae, though the cibarium is unremarkable. 
Named in honor of our colleague, Wilford J. Hanson, 
in appreciation of his outstanding work on the larval 
ecology of Panamanian Phlebotomus. 


second 
very 


Phlebotomus volcanensis Fairchild and Hertig 
Plate V, figs. 10-15 
Phlebotomus volcanensis Fairchild and Hertig, 1951, Ann. 

Ent. Soc. America 1950, 43(4): 528, pl. 5, figs. 31-36 

C2): 

Female.—Wing length 3.0 to 3.2 mm., venation as 
in male. Whole insect moderately strongly pigmented. 
Abdominal setae erect, quite evenly distributed over 
the tergites. Upper anepisternal lower 
mesanepisternals 0 to 2. Sides of eighth bdominal 
segment with about a dozen setae. Head _ 5 in male, 
but proboscis longer, reaching well be ond tip of 
third antennal seoment. ft alpal formul 
1-4-(2-3)-5, but 1 * the end of hird 
even with end of Uird ant: ane! see nent on intact 
head. with ongation, as in 
male, but longer, reac. 
on segment 4, surpassing 
paired on all but last two se; I 
and pigmer > papillae 
Cibar' ' ) ermathecae 
vi, subtriangu- 
st distally, with 
Legs long, the 
’°42 measuring, 
2.05, and 


B20, 12 


setae 1° 


as in male, 
segment 


Ascoids 
» end of segment 
distal segments, 
yvnx broad, 
well scl rotized 
at prox 
and gen ‘-k as P 
rnit 


eud. 


lar. Seco 

irre a clea 
faino ane basitarsi 
ail is tullows it 5. 
BSD j tus ci; and! 3535. eg, 
and 1.55. 

Neallotype female, slide 2842, Cerro Punta, Chiri- 
qui Prov., Panama, 6,200 ft. elevation, 15 Dec. 1950, 
P. Galindo and H. Trapido colls. One other female, 
slide 4740, Rio Candela, Chiriqui Prov., 23 Aug. 
1954, buttresses in heavy forest, 5000 ft. elevation, 
R. Hartmann coll. 

The sexes are associated on the basis of similarity 


of color and proportions, venation, and form of the 
second sternite, as well as coincidence of locality and 
absence of other possible mates from the same locali- 


ties. We have three additional males from Cerro 
Punta, close to the exact type locality, taken in but- 
tresses 12 June 1951, and a single male from Rio 
Candela, taken with the female mentioned above. Our 
original figure shows the setae at base of paramere 
laterally much foreshortened. They are in reality 
heavier and longer than the figure indicates, as long 
as the longer dorsal setae. These latter are also, in 
well stained material, somewhat longer than shown. 
The two long setae on inner base of coxite are a 
constant feature of all our specimens. 


Phlebotomus reburrus, new species 
Plate VI, figs. 1-12 
Male—Wing length 2.15 to 2.2 mm., venation as 


figured. Whole insect, including pleura, legs, and 





\ \ 


PLATE \ 


P. hansoni, n. sp. figs. 1-9. Fic. 1, male genitalia and genital pump. slide 2210. Fic. 2, first three 
sternites, female, slide 2108. Fic. 3, head female. slide 3278 and antennal segment IV, female. slide 3289 


lic. 4, cibarium, slide 2009. Fic. 5, spermathecae, side view, balsam mount, slide 2107. Fic. 6 


spermathecae, dorsal view, balsam mount, slide 2009. Fic. 7, cibarial teeth. slide 2196. Fic. 8, wing 
male, slide 2204. Fic. 9, terminal abdominal segments, slide 1601. 

P. volcanensis Fairchild and Hertig, Fies. 10-15. Fic. 10, terminal abdominal segments, slide 4740 
Kic. 11, first three abdominal sternites, female, slide 2842. Fic. 12, cibarium, slide 2842. Fie. 13 
spermathecae, to show forking of ducts, slide 2842. Fic. 14, spermathecae, drawn in phenol, lot 285 
Cerro Punta, Chiriqui Prov., 12 June 1951. Fic. 15, genital fork, slide 2842. 
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abdomen, quite strongly infuscated. Abdominal setae 
all erect, unusually heavy, evenly scattered with little 
concentration on margins of tergites. Upper ane- 
pisternal setae 10 to 12, lower mesanepisternals 2 to 
3, all slender. Head and appendages similar to female, 
notable for the very large eyes and short proboscis 
and palpi. Third antennal segment reaching well be- 
yond tip of proboscis, to middle of fourth palpal 
segment. Ascoids with short proximal prolongation 
as in female, equalling or exceeding lengths of re- 
spective segments, paired on all but terminal four 
segments. Palpal 1-4-2-(3-5). Pharynx 
slender, weakly ridged at apex. Cibarium similar in 
but pigment patch smaller and 
vertical teeth smaller and 


Pump and genital fila- 
> 


formula 


shape to female’s, 
horizontal 
Genitalia as figured. 


weaker, and 


fewer. 


ments as figured, the latter about 2.5 times length of 
pump. Second sternite rather long and narrow, nearly 


parallel-sided, without median clear areas as in fe- 
male. Legs long, the femora, tibiae, and basitarsi of 
slide 6427 measuring, in millimeters, as follows: fore 
leg, 0.9, 1.1, and 0.75; mid leg, 0.8, 1.35, and 0.85; 
hind leg, 0.9, 1.6, and 0.9. 

Female —Wing length 2.1 to 2.3 
similar to male, but wing broader and alpha and 
Color and vestiture as in male. No 
sides of eighth segment. Head and ap- 
\scoids of fourth antennal seg- 


mm., venation 


beta longer. 
setae on 
pendages as figured. 
ment as figured, paired on all but last three segments. 
Palpal formula 1-4-2-(3-5). Pharynx rather slender, 
paddle-shaped, with fine transverse wrinkles at apex. 
Cibarium as figured, pigment patch large and dense, 
chitinous arch high and weakly indicated. 
Spermathecae and genital fork as figured. 
figured, rather slender, about twice as long as wide, 


Legs of 


very 
Cerci as 


subtriangular. Second sternite as figured. 
slide 6413 measuring in mm. as follows: fore legs, 0.9, 
1.15, and 0.75; mid legs, 0.8, 1.4, and 0.85; hind legs, 
0.95, 1.7, and 0.9. 

Holotype male, slide 6427, La 
Azul, Panama, 
Shannon trap at light. 

\llotype 
Fever Sta., 
10 May 
colls. 


Zumbadora, Cerro 


Panama, Prov., 12 Sept. 1957, in 


Yellow 
Panama, 
Adames 


6414, Mandinga 
Colon Prov., 
Galindo and 


female, slide 
Rio Mandinga, 


1957, Shannon trap, 


same locality as holotype, 7 June 
same 
Fever 


Paratypes; 1 
1958, in Shannon trap, W. J. Hanson coll.; 29, 
data as allotype; 26, 29, Tacarcuna Yellow 
Station, Darien Prov., Panama, 2, 3, 4 and 5 Sept. 
1958, 2300-2800 ft. elev., crawling on collector and 
in Shannon trap, Galindo and Quinonez colls. The 
name is Latin for one with bristly hair, referring to 
the strong, erect abdominal setae and abundance of 
strong setae on coxite. 

This species seems closest to P. ubiquitalis Mang., 
having similar wing, palpal formula, and style. The 
male differs in thicker and less clubbed parameres, 
different distribution of inner 
coxite, longer proximal prolongation on ascoids, ete. 
The female differs from the figures of cauchensis F. 


setae on aspect of 


ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


[Vol. 54 


and A., synonymized with ubiquitalis by Barretto, in 
having a long and slender terminal knob on the 
spermathecae, shorter and evenly annulate 
spermathecal body without a greatly enlarged termi- 
nal annulus, and relatively longer ducts. There also 
appear to be slight differences in the cibarium. P. 
machicouensis F. and A., described from the female, 
also appears related, having similar venation and 
palpal formula, but with fewer cibarial teeth, shorter 
spermathecal ducts and no proximal prolongation on 


less 


the ascoids. 


Phlebotomus pius, new species 
Plate VII, figs. 1-9 


Vale—Wing length 2.2 to 2.5 mm., as_ figured. 
Whole insect infuscated. Abdominal 
erect, sparse except on hind borders of tergites. Up- 
per anepisternal setae 9 to 24, lower mesanepisternals 
2 to 7. Head and its appendages very dark, the eyes 
larger and proboscis shorter than in female, but 
third antennal segment relatively longer, reaching on 
intact head to beyond middle of third palpal segment. 
Ascoids simple, slender, shorter than in female, reach 
ing but slightly beyond middle of segment, paired 
m all but segment. Pharynx slender, ir- 
regularly ridged at apex. Cibarium unarmed, arch 
and pigment patch as in female. Palpal formula 
1-4-2-3-5, fifth segment a little less than 3+4. New- 
clubbed, on middle third of 
Genitalia as figured, rarely 


deeply setae 


terminal 


stead’s scales slender, 
third palpal segment. 
with the upper median spine lacking on one or both 
styles, the accessory subterminal very small 
Genital filaments about three times as long as pump, 


their tips slightly expanded. Second abdominal stern 


seta 


ite entirely divided by a clear area. Legs long, the 
femora, tibiae, and basitarsi of slide 2267 measuring 
as follows, in millimeters: fore legs, 1.0, 1.3, and 0.8; 
mid legs 0.95, 1.6, and 0.9; hind legs, 1.1, 1.7, 


9.5: 


and 

Female-—Wing length 2.6 to 2.9 mm., venation as 
in male. Color and vestiture as in male. Upper ane- 
pisternal setae 12 to 26, lower mesanepisternals 3 to 
7. No setae on sides of eighth abdominal segment. 
Head and appendages very dark, as figured. Cibarium 
with six horizontal teeth, strong pigment patch and 
Pharynx 
lamp-glass-shaped, and pig- 
mented, with irregular lobules and minute denticles 
at apex. Palpal formula 1-4-2-3-5, fifth segment 
about equalling 3+4. Newstead’s scales 
over mesal and dorsal surface of middle half of third 
palpal segment. Ascoids as figured, paired on all but 
terminal segment. Spermathecae and genital fork 
as figured. Cerci as figured, rather long and spatu- 
late. Second sternite as figured. Legs long, the 
femora, tibiae, and basitarsi of slide 2955 measuring, 
in millimeters, as follows: fore leg, 1.2, 1.4, and 0.9; 
mid leg, 1.2, 1.65, and 1.0; hind leg, 1.3, 2.15, and 
it. 

Holotype male, slide 2428, Sta. Clara, El Volcan, 


wide, somewhat diffuse arch, as_ figured. 


strongly sclerotized 


scattered 
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Pirate VI 
Fic 2. head, female, slide 6414. 
6468. Fic. 5, antennal 


1-12. Fic. 1, male genitalia, slide 6427. 


P. reburrus, n. sp. F16s. 
Fic. 3, genital pump, slide 6468. Fic. 4, genital 
slide 6427. Fic. 7 


segment IV, male, unnumbered slide, Tacarcuna, Darien Prov. 
spermathecae, drawn in phenol, Rio Mandinga, Colon Prov., Panama, 10 May 1957. Fic. 8, cibarium 
slide 6414. Fic. 9, cibarial teeth. slide 6414. Fic. 19, genital fork, slide 6414. Fic. 11, terminal abdominal 
1 > 
slide 6412 


segments, unnumbered slide, lot 7014a. Fic. 12, first three abdominal 


pump and filaments, slide 
Fic. 6, wing, male, 


sternites, female 
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Chiriqui Prov., Panama, 4300 ft. elevation, 11 Aug. 
1950, buttresses in forest, R. Hartmann coll. 

\llotype female, slide 2269, Palo Santo, Chiriqui 
Prov., Panama, 4600 ft. elevation, 19 May 1950, in 
tree buttress, R. Hartmann. coll. 

Paratypes, 17 ¢, 209, mounted on slides, from the 
following localities, all in Panama: 12, Palo Santo, 
Chiriqui Prov., 24 May 1950, in buttresses and 3 4 
189, 2, 3 March 1951, in light trap and buttresses ; 
94, Santa Clara, Chiriqui Prov., 11 Aug. 1950, in 
buttresses in forest, R. Hartmann coll.; 19, same lo- 
cality, 17-27 Aug. 1950; 16, 19, 
\ug. 1952; 34, Lagunas del Volcan, Chiriqui Prov., 
4600 ft. el., 19 May 1950, in buttresses, R. Hartmann 
coll. In addition, we have identified and stored un- 
mounted 1294 and 7392 from the localities 
and from El Hato, Rio Candela, and El Volcan, all 
in Chiriqui Province and all from elevations of over 
3000 ft., taken in buttresses and light traps. The 
“sanctified” localities 


same locality, 15 


above 


name is in reference to the 
where most of the specimens were taken. 

The sexes of this species are associated on the 
basis of color, venation, similar structure of 
cibarium and proportions of head appendages, and 
similar first and abdominal sternites. Only 
two other Neotropical Phlebotomus with five spines 
on the style have a single terminal spine, alphabeticus 
Fons. and Both of these differ 
from pi#s in having longer fourth and fifth palpal 
segments and in not having the most basal spines on 
the style paired. They also appear to lack subterminal 
setae, though if small, as in pius, they may have been 


wing 


second 


breviductus Barr. 


overlooked in the descriptions of these species. On 
the basis of the male, the species does not fit well into 
r series suggested in an earlier 
The female is also difficult 


any of the groups ¢ 
paper (Fairchild 1955). 
to relate, as its spermathecae show little resemblance 
to those of other described species. 


Phlebotomus botellus, new species 
Plate VIII, figs. 1-8 


Female.—W ing length 3.05 to 3.75 mm., venation 
as figured. Whole insect rather strongly pigmented, 
dark brown. Abdominal setae apparently erect, those 
on hind margins of tergites heavier and more nu- 
merous than on remainder of tergites. Upper ane- 
pisternal setae 3 to 13, lower mesanepisternals 2 to 
4, both slender. 
ment. Head and 
formula 1-4-2-3-5. 
but terminal segment. 
lamp-glass-shaped, 


A few setae on sides of eighth seg- 
appendages as figured. Palpal 
Ascoids as figured, paired on all 
Pharynx well sclerotized and 
pigmented, with numerous mi- 
nutely denticulate lobes at apex. Cibarium as figured, 
the arch weak, broad and diffuse. Spermathecae and 
fork as figured. Cerci as figured, rather 
pointed. Second sternite as figured, long, 
in middle, but without median 
Legs long, the femora, tibiae, and basi- 


genital 
acutely 
somewhat narrowed 
clear area. 
tarsi of slide 4627 measuring, in millimeters, as fol- 
lows: fore leg, 1.25, 1.55, and 1.15; mid leg, 1.15, 
1.80, and 1.25; hind leg, 1.25, 2.30, and 1.60. 
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Male.—Unkown. 

Holotype female, slide 4626, El Volcan, Chiriqui 
Prov., Panama, 23 March 1954, in light trap, F. S. 
Blanton coll. This specimen lacks antennae, but was 
selected because it is the one showing the spermathe- 
cae most clearly. 

Paratypes, 62 same data as holotype and 3°, 
Palo Santo, Chiriqui Proy., 2-3 March 1951, Shannon 
trap at light, R. Hartmann coll., all mounted on slides. 

The structure of the spermathecae of this species 
is not closely approached by any other described spe- 
cies, the nearest similarity being with such species as 
aragaoi C. L., barrettoi Mang., and carpenteri | 
and H. All these species, however, differ in more 
numerous horizontal teeth in the short 
palpi, ascoids with posterior prolongation, and in 
lacking a discrete knob at apex of spermatheca. /’ 
bursiformis F. and A. 
the palpi have different proportions, the venation is 
different, with alpha relatively short, the ascoids are 
longer and the spermathecae irregularly wrinkled 
and without a terminal knob. We describe this spe- 
cies from females only with some hesitation, but feel 
that the male can be recognized when found, as there 
rather distinctive 
available for association, and the species is one of 
have The 
reference to the 


cibarium, 


has a similar cibarium, but 


are several nonsexual characters 


seen. name signifies a 


shape of the 


the largest we 
small 
spermathecae. 


Sausage, 1n 


Phlebotomus marajoensis Damasceno and Causey 
Plate IX, figs. 1-16 


marajoensis Damasceno and Causey, 1944, 
Oswaldo Cruz 41(2): 339-42, pl. 1, figs. 
i-d, pL 5, fig. 22% Ilha do Marajo and Santarem, 
Para, Brasil). Damasceno and Causey, 1947, Rev. 
Serv. Especial Satde Paibl. [Rio de Janeiro] 1(1): 
180-2, figs. 1-5, 22 (reprinting of 1944 article without 
change). Damasceno, Arouck, and Causey, 1949, Rev. 
Serv. Especial Satide Puibl. 2 (July): 828. Barretto, 
1947, Arq. Zool. Est. Sao Paulo 5(4): 211. Barretto, 
1951, Arg. Hig. e Satide Publ., Sao Paulo, 1950, 
15(46): 219. Floch and Abonnenc, 1952, Diptéres 
Phlébotomes de la Guayane et des Antilles Frangaises 
(Faune de Il'Union Francaise No. 14): 35 (in key). 


Phiebotomus 
Mem. Inst. 


We have examined the holotype of this species in 
U.S.N.M. and have a specimen from Mene Mauroa, 
Est. Falcon, Venezuela, I. Ortiz which 
compared and found to agree with it. The very long 
seta on the outer aspect of the coxite so prominently 
figured in the original description, is not evident on 
the type, where only the bases of a group of large 
setae can be The parameres are 
slender than shown and there are other minor dis- 
crepancies between the figure and the type, leading 
to the suspicion that the figure represents a specimen 
in which the paramere has been compressed and 
twisted so that it appears almost in dorsal view. 

The differences between marajoensis and walkeri 
Newst. are very slight, consisting in small differences 
in the number of hairs in the basal tuft and the pres- 
ence of two small setae at the narrowest point of the 
absent in marajoensis. We 


coll., was 


seen. also more 


parameres in walkert, 
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PLATE VII 


P. pius, n. sp., Fries. 1-9. Fic. 1, male genitalia and genital pump slides 2429 and 2423. Fic. 2, head 
and antennal segment 1V, female, slides 2955 and 2933. Fic. 3, wing, male, slide 2267. Fic. 4, sperma 
thecae drawn in balsam mount, slide 2933. Fic. 5, spermathecae, drawn in phenol, slide 2269. Fie. ¢ 
first three abdominal sternites, female, slide 4190. Fic. 7, cibarium, female, slide 2955. Fic. 8, genital 
fork, slide 2922. Fic. 9, terminal abdominal segments, slide 2955. 
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ellus, n. sp. Fics. 1-8. Fic. 1, head and antennal segment IV of female, slide 4627. Fic. 2, cibarium, 
2935. Fic. 3, first three abdominal sternites, slide 4626. Fic. 4, terminal abdominal segments, slide 4622. 
5, spermathecae drawn in phenol, partly contracted, lot 933a. Fic. 6, spermathecae, drawn in phenol 


fully extended, lot 933. Fic. 7, wing, female, slide 4627. Fic. 8, genital fork and ends of ducts, slide 4628 
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PLATE IX 

P. marajoensis Damasceno and Causey, Fics. 1-11. Fic. 1. male genitalia, slide 4231, genital pump 
slide 4736 and tips of genital filaments, slide 4232. Fic. 2, cibarium, slide 4234. Fie. 3, head, femal 
slide 4238. Fic. 4, wing, female, slide 6340. Fic. 5, cibarial teeth, slide 4234. Fic. 6, antennal segment 
IV, female slide 4215. Fic. 7. spermathecae, drawn in phenol, slide 3510. Fic. 8. spermathecae and 
genital fork, drawn in balsam mount. slide 4246. Fic. 9. spermathecae, head. contracted in balsam 
slide 4238. Fic. 10, first three abdominal sternite, female, slide 4240. Fic. 11. terminal abdominal seg 
ments. slide 4240. 
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possess a paratype of walkeri, but here also the geni- 
talia are much compressed and the parameres are 
probably less broad than they appear in our slide 
and in Newstead’s figure. P. williamst Damasceno, 
Causey, and Arouck, is also very close. The type in 
U.S.N.M. shows two smaller setae on neck of para- 
mere, not a single large one as shown in the original 
description. There are 11 to 12 setae in a single row 
in the basal tuft of coxite and 2 to 3 slender setae at 
middle of coxite below, not shown in the original 
figure. There is also a subterminal seta on the style, 
The aedeagus is quite bul- 


omitted in the figure. 
bous basally and the genital filaments have expanded 
tips with a small button, as in walkeri. The bulbous 
aedeagus and sparse setae at middle of coxite below 
appear to separate williamsit from marajoensis and 


walker. 

Our material from Panama differs slightly from 
and from material from 
Trinidad, but it is 
the position of the 


marajoensis 
and 


the type of 
Venezuela, 
rather variable, especially in 
third spine on the style, which may be much more 
distal than shown in our figure. We are inclined 
to suspect that material from the lower Amazon 
(marajoensis) as well as from Trinidad, Venezuela, 


Colombia, also 


and Panama represent only geographic variants of 
walkeri, but refrain from definite synonymizing until 
fresh material of walkeri from Bolivia becomes 
available. We give below a description of both sexes, 
based on specimens from Panama. 

Male—Wing length 1.6 to 1.75 mm., venation as 
Mesonotum and pleura lightly infuscated, 


figured. 
Abdominal setae erect, 


not greatly contrasting. 
sparse, denser, and larger on posterior margins of 
tergites. Upper anepisternal setae 11 to 18, lower 
mesanepisternals 0 to 3, ligulate, 3 of the 10 speci- 
mens examined lacking lower setae. Head and ap- 
female, but proboscis shorter and 
segment longer, the latter reaching 
Ascoids 


pendages as in 
third antennal 
beyond end of proboscis on intact head. 
simple, slightly shorter than in female, reaching only 
respective segments, paired on all but 
Palpal formula 1-4-2-3-5, fifth 
Pharynx 
and 


to ends of 
last two 
longer than any two preceding segments. 
well sclerotized, the apex constricted 
transversely ridged. Cibarium unarmed, of 
shape as in female and with same central triangular 
ventral to the tooth Genitalia as 
inner basal spine often equidistant be- 


segments. 


slender, 
same 


structure row. 
figured, the 
tween outer basal spine and subapical spine. Genital 
filaments heavy, about twice length of pump, their 
apices spoon-shaped with a central tubercle, as 
figured. Second sternite longer than wide, more or 
less parallel-sided, with or without small clear areas 
in middle. Legs moderately long, the femora, tibiae, 
and basitarsi of slide 4218 measuring, in millimeters, 
as follows: fore leg, 0.8, 0.9, and 0.55; mid leg, 0.75, 
1.1, and 0.65; hind leg, 0.85, 1.3, and 0.7. 
Female—Wing length 1.65 to 1.85 mm. 
setae as in male. No 
Upper anepisternal setae 11 


Colora- 
and abdominal setae on 


eighth tergite. 


tion 


sides ot 
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to 19, lower mesanepisternals 0 to 2; 4 of the 10 
specimens examined lacking lower setae. Head and 
appendages as figured. Ascoids as figured, paired 
on all but last segment. Palpal formula 1-4-2-3-5, 
fifth longer than any two preceding. Pharynx lamp- 
glass-shaped, well sclerotized, the narrowed apical 
portion with even transverse ridges. Cibarium as 
figured, the cross-bar below the horizontal teeth 
heavily sclerotized so that the erect teeth are difficult 
to see. Spermathecae and genital fork as figured, 
the walls of the former well sclerotized and easily 
visible in most specimens. Cerci rather slender, as 
figured, longer and less acutely pointed than in male. 
figured, the extent of median 
moderately long, the 


Second sternite as 
clear area variable. 
femora, tibiae, and basitarsi of slide 4215 measuring, 
in millimeters, as follows: fore leg, 0.8, 0.9, and 0.55; 
mid leg, 0.75, 1.1, and 0.6; hind leg, 0.85, 1.3, and 
0.7. 

We have examined the following slide-mounted 
material: PANAMA. 16, 19, Santa Maria, Veraguas 
Prov., 5 Oct. 1945, in adobe house, P. Galindo 
coll.; 34, 122, Guarare, Los Santos Prov., 23 Oct. 
1952, in light trap, F. Blanton coll.; 14,79, Puerto 
Mensabe, Los Santos Prov., 22 Oct. 1952, light trap, 
F. Blanton coll.; 1 12, Puerto Chitre, Herrera 
Prov., 24 Oct. 1952, light trap, F. Blanton coll.; 12, 
La Yeguada, Los Santos Prov., 21 Oct. 1952, light 
trap, F. Blanton coll.; 14, Pese, Herrera Prov., 21 
Oct. 1952, light trap, F. Blanton coll.; 14, La Pin- 
tada, Cocle Prov., 13 July 1954, light trap, G. Field 
coll.; 42, Las Tablas, Los Santos, Prov., 14 June 
1951, 9 Aug. 1951, 24 Oct. 1952, light traps, F. Blan- 
ton coll.; 22, Las Palmas, Los Santos, Prov., 26 Oct. 
1952, light trap, F. Blanton coll.; 22, Santo Do- 
Santos Prov., 26 Oct. 1952, light trap, 
F. Blanton coll.; 29, Santos Prov., 24 Oct. 
1952, light trap, F. Blanton coll.; 19, Pena Blanca, 
Los Santos Prov., 27 Oct. 1952, light trap, F. Blan- 
ton coll.; 19, Las Cruces, Los Santos Prov., 21 Oct. 
1952, light trap, F. Blanton coll. VENEZUELA. 1 
Mene Mauroa, Estado Falcon, no date, in 
I. Ortiz coll. Cotomepra. 1 Soledad—San Vicente 
de Chucuri, Santander, 16 Aug. 1944, gallinheiro 
(chicken coop) casa de Kalazar, Gast and Osorno 
Mesa coll. Trintpap. 12, U. S. Navy Base, Punta 
Delgada, 4-20 Oct. 1955, light trap, T. Aitken coll. ; 
19, San Jose Pt., U. S. Naval Sta., 4 Jan. 1957, 
light trap, T. Aitken coll. 


Legs 


Los 


mingo, 


Los 


house, 
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EXPLANATION OF FIGURES 


With the exceptions noted below, the figures of each 
structure are drawn to the same scale, which is indicated 
by a scale line beside the following figures. Male geni- 
talia, Pl. II fig. 8; heads, Pl. I, fig. 4; wings, Pi. I, 
fig. 3; cibaria, Pl. I, fig. 5; cibarial teeth, Pl. III, fig. 7; 
ascoids, Pl. I, fig. 6; sternites, Pl. II, fig. 4; cerci, PI. 
Il, fig. 7; genital pumps, Pl. I, fig. 1; genital fork, PI. 
I, fig. 9. Male genitalia of three small species, serranus, 
odax and oresbius were drawn slightly larger, indicated 
by scale lines in each case. The wing of botellus Pl. VIII, 
fig. 7, the genital pump of reburrus, Pl. VI, fig. 4, and 
the genital fork ot dasymerus, Pl. III, fig. 10, are to 
differing scales and are so indicated. The cibarial teeth 
of marajoensis are drawn at greater magnification than 
the others, with the oil immersion objective. The sperma 
thecae are to varying scales and all are accompanied by 
scale lines. 


New Species of Fleas (Siphonaptera) from Panama’ 


VERNON J 


Collecting data and hosts are given for nine species 
taken in Chiriqui Province at elevations of 5,000 feet 
or more. Jellisonia johnsonae, Pleochaetis altmani K o/l- 
sia keenani, and A o/t/sia traubi are new species; the last- 
named, occurring almost exclusively on Peromyscus n. 
nudipes, was the most common flea encountered in Chiri- 
unknown male of Hoplopsyllus 


qui. The previously 


During the course of a rodent ectoparasite survey, 
several hundred fleas from ro- 
dents indigenous to Panama. Of special interest is a 
group of fleas collected in the mountains of the 
Province of Chiriqui, consisting of four species new 
to science, the hitherto undescribed male of Hoplop- 
syllus glacialis exoticus Jordan and Rothschild, 1933, 


have been collected 


and four species previously unrecorded from Panama. 


Juxtapulex echidnophagoides \Vagner 

Juxtapulex echidnophagoides Wagner, 1933, Mitteil. Zool. 
Mus. Berlin 18: 343, figs. 1A, 2-6; Hopkins and Roths 
child, 1953, Cat. Rothschild Coll. Fleas 1: 100-2. 
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glacialis exoticus (new status; =H. exoticus Jordan and 
Rothschild) is described, and Juxtapulex echidnopha- 
goides Wagner, Pleochaetus d. (Jordan and 
Rothschild), Kohlsia g. graphis (Rothschild), and Strep 
sylla dalmatt Traub and Barrera are reported for the 
first time from Panama 


dolens 


TyrpE Data.—Type specimens ex Tatusia novem- 
cinta’ (=Dasypus novemcinctus), La Trinidad at 
foot of Turrialba, 1,600 m., 25 km. east of Cartago, 
Costa Rica, collected by O. Garlepp. 

PANAMANIAN MATERIAL STupDIED.—A total of 52 
males and 87 females ex four specimens of Didelphis 
marsupialis etensis J. A. Allen at Casa Tilley below 
Cerro Punta, elevation 5,300 feet, 21-24 January 
1960; also 8 males and 11 females ex Didelphis mar 
supialis etensts at La Amenaza near Bambito, eleva 
tion 5,800 feet, 14 February 1960; 80 males and 57 
females ex Dasypus novemcinctus fenestratus Peters 
at Casa Tilley, 30 January 1960; 1 male and 1 fe 
male ex Canis familiaris, 23 January 1960. 


Captain, MSC, USA, Office of the Chief Surgeon 
juarters USARCARIB, Ft. Amador, Canal Zone 
Memorial Laboratory, Panama City, Republ 


Gorgas 


Panama 
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REMARKS.—It is of some interest to note that more 
than 150 specimens of Didelphis marsupialis ssp. col- 
lected in the lowlands of Panama free of J. 
echidnophagoides, while the five specimens of D. 
marsupialis etensis collected above 5,000 feet were 
parasitized with this flea. All 50 specimens of Dasy- 
pus novemcinctus fenestratus collected at low eleva- 
tions were also free of this flea, while the single 
specimen collected above 5,000 feet was heavily in- 
fested with J. echidnophagoides. 

Barrera (1955) makes reference to specimens de- 
termined by Traub which were collected in Boquete, 


were 


Panama, from “gato.” 

Hoplopsyllus glacialis exoticus Jordan and 

Rothschild, new combination 
(Plates 1 and 2) 

Hoplopsyllus exoticus Jordan and Rothschild, 1923, Ecto- 
parasites 1: 311-12, fig. 314; Hopkins and Rothschild, 
1953, Cat. Rothschild Coll. Fleas 1: 192-3. 

Type Data.—Described from a single female ex 
Felis sp. collected at Boquete, Panama, 14 September 
1901, by J. H. Batty. 

PANAMANIAN MATERIAL STUDIED.—Five 
and seven females (Coll. No. 6163) ex Sylvilagus 
brasiliensis gabbi (J. A. Allen) at Casa Tilley be- 
low Cerro Punta, elevation 5,300 feet, 1 May 1960: 
two males and one female (Coll. No. 5743) ex 
Didelphis marsupialis etensis J. A. Allen at Casa 


males 


Tilley, 21 January 1960; one male (Coll. No. 5759), 


ibid., but 24 January 1960. All were 
collected in the Province of Chiriqui, Panama, by 
C. M. Keenan and V. J. Tipton. 

Specimens deposited in the U. S. National Museum, 
British Museum (Natural History), Gorgas Me- 
morial Laboratory, and the private collections of 
Lt. Col. Robert Traub and the senior author. 

DracGnosts.—Hoplopsyllus exoticus is 
somewhat like both H. glacialis fori Ewing and H. 
manconis Jordan in that P* is long and_ slender, 
and in all three species F is similar in size and 
and _ the the pronotal comb are 
pointed. However, the stoutest apical bristle on the 
distal arm of the male ninth sternum is short, as in 
H. manconis, and does not reach the apicoventral 
as is the case in H. glacialis foxi. In H. 
is very short, while it is at least half 
as long as P* in P. glacialis exoticus. The ventral 
process of the eighth sternum is very prominent and 
bears 12 to 13 bristles in H. glacialis exoticus, where- 
as in the other species it is poorly developed and 
bears only 2 to 4 bristles. [ 


specimens 


glacialis 


shape spines of 


angle 
manconis P* 


The ventral portion of 
the caudal margin of the female seventh sternum is 
more deeply excavated than in either of the other 
two species. 
DescriPTIon.'—Head, 
margin 


Male 


broadly 


(pinte 1, fig. 1):: 


Frontoclypeal rounded, convexity 
very shallow; preantennal area with double to triple 


row of microsetae; with one row of two stout bris- 


‘ Terminology used is that of Traub (1950) 
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tles. Eye ovate, heavily pigmented. Maxillary lobe 
extends to apex of fourth segment of maxillary pal- 
pus. Labial palpus four-segmented. Club of antenna 
elliptical; setae of second segment reach to midpoint 
on club. Postantennal area with falx, occipital groove 
prominent; row of small bristles on caudal margin 
with intercalary setae; two long bristles on margin 
of antennal 

Thorax (plate 1, 
five long bristles; 


fossa. 

fig. 2): Pronotum with row of 
pronotal comb of about 16 long, 
acuminate spines. Mesonotum (MSN.) with three 
irregular rows of setae arranged 6-3-6 plus one or 
first two last row with 
intercalary microsetae. Mesepisternum (MPS.) de- 
void of bristles. Mesepimere (MPM.) with four 
stout bristles, two ventral, one over pleural rod. 
Lateral metanotal area (L.M.) large; with one bris- 
tle. Metepisternum (MTS.) with single dorsocaudal 


two setae between rows; 


bristle; ventrocaudal margin produced as angulate 
Metepimere (MTM.) with medial row of 
subcaudomarginal row of five 


process. 
five to seven bristles; 
to six bristles. 

Legs: Procoxa with about 40 bristles. Profemur 
with about 10 external, thin, medial setae. Protibia 
with six dorsomarginal notches bearing paired bris- 
tles plus row of medial bristles. Protarsus with fifth 
segment longest, fourth shortest; four pairs lateral 
one pair unequal subapical bristles. 
Meso- 
two 


plantar bristles ; 
Mesocoxa with well-developed internal rods. 
femur with thin seta on inner aspect: 
marginal, two submarginal apicoventral 
Mesotibia with eight dorsomarginal notches 
bearing bristles as follows (base to apex) : 2-2-1-2-2- 
1-2-3; plus five or six submarginal or medial bristles. 
Mesotarsus_ with segment fourth 
shortest; bristle on apex of third segment extends 
beyond apex of fourth segment. Metacoxa with in- 
ternal rods well developed; anteroventral area with 
12 to 13 medial bristles; comb of seven short, spini- 
form bristles on inner aspect of same area. Meta- 
femur with two subapical bristles on ventral margin. 
Metatibia similar to mesotibia except 9 to 10 sub- 
Metatarsus with first 
second segment 
midpoint of 


one 
setae on 


area. 


second longest, 


marginal or medial bristles. 
longest, fourth shortest; 
bristle extending beyond 


segment 
with apical 
fifth segment. 
Abdomen: Terga without apical spinelets; with one 
row of bristles on each tergum except for first ter- 
gum, which has two First two sterna with 
one bristle each; sterna 4 to 7 with two bristles each. 
One minute bristle dorsad, two minute bristles vent- 


TOWS. 


rad of single, long, antesensilliary bristle. 

Modified Abdominal Segments, Male (plates 1 and 
2, figs. 3-5, 10): Eighth tergum reduced to narrow 
sclerite cephalad of sensillium. Eighth sternum (8S.) 
well developed, covering most of genitalia; with 
seven to eight medial bristles; several very thin setae 
at caudoventral angle: with mesoventral, subtruncate 
process bearing 10 to 12 apical, marginal, or sub- 
marginal bristles. Manubrium acuminate, curved 
dorsad. Immovable process of clasper divided ; process 
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proper (P*) short, subtruncate, with 10 to 12 apical 
P* long, narrow, bearing apical 
Finger 


or subapical bristles ; 
tooth plus four long ventromarginal bristles. 
(F.) of clasper long, narrow; arises ventrad of ori- 
gin of P* on process proper; bearing five to six thin 
marginal setae on apical half; a row of six to seven 
basoventral margin. Proximal 
resembling inverted human 


setae on 
ninth sternum 


marginal 
arm of 
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foot. Distal arm of ninth sternum broad; incrassate ; 
with four stout apical bristles, the stoutest of which 
does not reach apicoventral margin; six to seven 
fine apical setae; 10 to 12 ventromarginal setae. 
Aedeagus (plate 2, fig. 9): Aedeagal apodeme 
(AE.A.) narrow; middle plate of aedeagal apodeme 
conspicuous. Proximal spur absent. Median dorsal 
(M.D.L.) defined; dorsal margin fairly 


lobe well 


3 MENDEZ 


Hoplopsyllus glacialis exoticus Jordan and Rothschild, 1923, male. Fie. 1. 
-Mesothorax, metathorax, and first abdominal tergum. Fic. 3. 


PLATE 1. 
prothorax, and procoxa. Fic. 2. 
Modified abdominal segments. 
Eighth sternum. 


Fie. 4. 


Process and 


Head, 


movable finger of clasper. Fic. 5.- 
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(C.S.), terminates near crochet. Crochet (CR) nar- 
row sclerite swollen at midpoint to form knoblike 
structure. Pseudocrochet (PS.C.) large but poorly 
sclerotized ; caudal margin truncate. Vesicle of aedea- 
gus (V.) horseshoe-shaped sclerite. Wall of aedea- 
gal pouch (P.W.) not greatly distended. 


well sclerotized; recurved apically to form structure 
resembling lip of pitcher. Poorly defined lateral lobe 
(L.L.) cephalad of lip. Dorsal arm of inner tube 
(D.1.T.) subparallel to dorsal margin of median 
dorsal lobe. Sclerotized inner tube (S.I.T.) origi- 
nates near narrow, well-sclerotized, crescent sclerite 


MENDEZ 
Fic. 6.—Female, 


2—Hoplopsyllus glacialis exoticus Jordan and Rothschild, 1923. 


PLATE 2. 
modified abdominal segments. 


Fic. 7.—Female, spermatheca. Fic. 8.—Female, anal stylet and 
ventral and lobe. Fic. 9—Male, apex of aedeagus. Fic. 10.—Male, distal 


arm of ninth 


sternum. 
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Modified Abdominal Segments, Female (plate 2, 


figs. 6-8): Ventral portion of caudal outline of 
seventh sternum deeply excavated; a well-sclerotized 
cone-shaped area dorsad of excavation; with row of 
eight to nine bristles. Eighth tergum (8T.) with row 
of five stout bristles just caudad of outline of seventh 
sternum; with about 18 to 20 submarginal bristles. 
Eighth sternum (8S.) a poorly defined, fingerlike 
extension ventrad of margin of eighth tergum. Dor- 
sal anal lobe of proctiger (D.A.L.) with four to 
five bristles dorsad, three bristles ventrad of inser- 
tion of anal stylet. Anal stylet (A.S.) about three 
times as long as wide; with long apical bristle, shorter 
ventral bristle. Ventral anal lobe (V.A.L.) with 
well-sclerotized dorsal margin bearing five to six 
bristles. Spermatheca subglobular ; tail long, strongly 
recurved. Bursa copulatrix (B.C.) with well-sclero- 
tized duct. 

REMARKS.—Hopkins and Rothschild (1953) sug- 
gested that further collecting would show H. exoticus 
to be a subspecies of H/. glacialis. Although the male 
eighth sternum appears to be sufficiently distinct to 
warrant the retention of H/. glacialis exoticus as a 
full species, we are of the opinion that extensive col- 
lecting in Central America and Mexico will reveal 
intermediate forms. 


Jellisonia johnsonae, new species 


(Plates 3 and 4) 


Type Data.—Holotype male (Coll. No. 5844) ex 
Scotinomys teguina episcopi Enders and Pearson at 
Finca Pitty near Cerro Punta, elevation 6,000 feet, 
31 January 1960; allotype female (Coll. No. 5976) 
ex Peromyscus nudipes nudipes (J. A. Allen) on 
lava flow above El Hato, elevation 5,000 feet, 10 
February 1960. Paratypes: one male ibid. holotype; 
two males ibid. allotype; 7 males and 15 females ex 
(8) Scotinomys teguina episcopi; 3 males and 10 
females ex (6) Reithrodontomys sumichrasti vul- 
canius Bangs; three males ex animal nest; one fe- 
male ex Reithrodontomys mexicanus garichensts En- 
ders and Pearson; all collected in February and 
May 1960 (except one pair collected in January) 
between Bambito and Cerro Punta by C. M. Keenan 
and V. J. Tipton in the Chiriqui Province, Panama. 

Holotype male and allotype female deposited in the 
United States National Museum. Paratype specimens 
in the British Museum (Natural History), the pri- 
vate collections of the senior author and Lt. Col. 
Robert Traub, and Gorgas Memorial Laboratory. 

Diacnosis.—Jellisonia johnsonae, n. sp., 
to but distinct from Jellisonia hayest hayesit Traub. 
In the male the protuberance which bears the acetabu- 
lar bristles is almost medial in position on the im- 
movable process, while it is basad in J. hayesit hayest. 
The dorsal margin of the distal arm of the ninth 
sternum is bent almost at a right angle, giving the 
distal arm a boomerang shape, and the ventral mar- 
gin is without a lobe. In J. hayesi hayesi the dorsal 
margin of the distal arm of the ninth sternum is 


is close 
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only slightly curved, and there is a very distinct 
ventral lobe. The base of the crochet is angulate, not 
globular as in J. hayesi hayesi. In the female the 
sinus of the posterior margin of the seventh sternum 
is shallow, while J. hayesi hayesi has a deep sinus 
and a pronounced dorsal lobe. 

Description.—Head, Male (plate 3, fig. 1): 
Frontoclypeal margin rounded; with small but dis- 
tinct frontal tubercle; three rows preantennal bristles 
arranged 6(7)-4-3; first and sixth bristles of first 
row much smaller than other bristles; with inter- 
calary microsetae in all three rows; variolate area 
dorsal to both preantennal and postantennal bristles. 
Eye with outer ring heavily pigmented, but center 
portion lightly pigmented. 
nate; rounded apically. Maxillary lobe extends al- 
most to midpoint on distal segment of maxillary pal- 
pus. Maxillary palpus with nu- 
merous microsetae. Labial palpus five-segmented:; 
reaches almost to apex of procoxa. Setae of two 
antennal short. Postantennal 
three 3(4)- 
with intercalary microsetae between bases 


Genal process subacumi- 


four-segmented ; 


basalmost 
area with 
4(5)-5; 
of bristles of last row. 
gin of antennal fossa. 

Thorax, Male (plate 3, fig. 
row of five to six long bristles; 
spersed between bases of longer bristles; pronotal 
comb of about 18 teeth. Mesonotum (MSN.) 
three rows of bristles; first row incomplete, arranged 
3-7-4; small setae scattered on anterior marginal 
area; phragmina trigonate. Mesepisternum ( MPS.) 
with one long plus (usually) two small medial setae: 
additional one or two setae near tip of second pronotal 
tooth ; thickened. (MPM.) 
with Metanotum with 
intercalary 


segments 


rows of bristles arranged 


Row of small setae on mar- 


2): Pronotum 


microsetae 


with 
inter- 


with 


Mesepimere 
setae. (MTN.) 
distinct rows of bristles, arranged 6-5; 
microsetae between larger bristles of caudad row; 
three or four additional bristles cephalad of rows of 
bristles; anterior margin with three setalike spines. 
Lateral metanotal (L.M.) long 
caudal bristle plus shorter medial bristle. 
arch narrow. Metepisternum (MTS.) with 
dorsocaudal bristle; squamulum short, trigonate. 
Metepimere (MTM.) with variable number of bris- 
tles, but usually two rows of three bristles each plus 
two additional bristles; one proximad to stigma, re- 
maining bristle posterior to cephalad row of bristles. 
Legs: Procoxa with 36 to 38 stout bristles scat- 
tered over outer surface. Profemur with 
eight thin, external, medial setae plus five to six 
dorsomarginal bristles. Protibia with eight dorso- 
marginal notches bearing bristles as follows (base 
to apex): 2-2-2-2-1-1-1-3; plus seven submarginal- 
medial bristles. Protarsus with fifth segment longest, 
fourth shortest. All distal tarsal segments with four 
pairs lateral plantar bristles; fifth pair medial; no 
tarsal bristles reach beyond apex of next tarsal seg- 
ment. Meso- and metacoxae with well-sclerotized 
internal rods; patches of microsetae on basal areas. 
Meso- and metafemora with external, medial 


phragma 


seven two 


ck ITSO- 
Pleural 
single 


area with 


seven to 


one 
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seta each. Meso- and metatibia with 10 dorsomar- 
ginal notches bearing bristles as follows (base to 
apex): 2-2-1-1-2-1-1-1-1-3; plus eight submarginal 
or medial bristles. Meso- and metatarsi with first 
segment longest, fourth shortest. 

Abdomen: First tergum with two rows bristles ar- 


ranged 3-4; with one apical spinelet. Terga 2 to 4 


with two rows bristles arranged 3(4)-7; with 2(1) 
apical spinelets. Terga 5 to 7 with two rows bristles 


arranged (1)2-(6)7. Sterna 3 to 7 each with row 
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of two bristles. One long antesensilliary bristle be- 
tween two very small spiniform bristles. 

Modified Abdominal Segments, Male (plates 3 and 
4, figs. 3-5, 10): Eighth tergum large, almost en- 
tirely covering genitalia; with four moderately long 
medial bristles plus three long bristles cephalad of 
process of clasper. Eighth sternum greatly reduced 
to short, narrow process devoid of setae but with 
filaments. Intersegmental membrane large, 
Immovable process (P.) of clasper cone- 


apical 


spiculose. 


MENDEZ 


PLATE 3.—Jellisonia johnsonae, 
Fic. 2.—Mesothorax, 


segments. Fic. 4. 


new species, male. 
metathorax, and first abdominal 
Process and movable finger of clasper. 


Fic. 1—Head, prothorax, and procoxa. 
tergum. Fic. 3.—Modified abdominal 
Fic. 5.—Ejighth sternum. 
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shaped; with three thin subapical setae; caudal mar- 
gin with short, truncate process about at midpoint 
between base and apex from which arise two long 


acetabular bristles. Movable finger (F.) about 1% 
to 2 times as broad as immovable process (measured 
halfway between base and apex) ; with very thin setae 
on straight, cephalad margin; with medial row of 
fine setae plus three or four apical-subapical setae; 


PLaTE 4.—Jellisonia johnsonae, new species. 
Fic. 7.—Female, spermatheca. 


Male, apex of aedeagus. 
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‘a. F1G. 8—Female, anal stylet and ventral anal lobe. 
Fic. 10—Male, distal, arm of 
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caudal margin convex to level of acetabular bristles, 
then becoming slightly concave; with five stout bris- 
tles arranged 2-1-2; the two dorsalmost bristles mar- 
ginal, inserted fairly close together; third bristle 
submarginal, inserted at about level of acetabular 
bristles; two ventralmost bristles stout, shorter than 
dorsalmost, with medial insertion. Manubrium long, 
narrow, swollen somewhat basally, forming one lobe 


MENDEZ 


Fic. 6.—Female, modified abdominal segments. 
Fic. 9.— 


ninth sternum. 
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of trilobate sclerite of which large tergal apodeme of 
ninth tergum constitutes another lobe: proximal arm 
of clasper forms third, much elongated lobe. Apical 
one-fourth of proximal arm of ninth sternum some- 
what beak-shaped. Distal arm of ninth sternum 
boomerang-shaped; dorsal margin turned almost at 
right angle; apex rounded; apicoventral margin con- 
cave but medioventral margin convex; one long, 
cephalad-projecting bristle near bend in dorsal mar- 
gin, plus smaller submarginal seta dorsad of first; 
30 to 31 small spiniforms scattered over ventral half 
of medial surface. 

Aedeagus (plate 4, fig. 9): Aedeagal apodeme 
(AE.A.) about two times length of aedeagus proper. 
Proximal spur (P.S.) prominent. Median dorsal 
lobe (M.D.L.) well sclerotized. Lateral lobes (L.L.) 
well developed; extending from near proximal spur 
ventrad, thence abruptly caudad to crochet, then dor- 
sad to lie in juxtaposition with dorsocaudal angle 
of median dorsal lobe. Crochet (CR.) broad, well 
sclerotized basally; reduced abruptly at about mid- 
point to finger-shaped, slightly incrassate process 
with rugose apex. Sclerotized inner tube (S.I.T.) 
narrow, saberlike. Lateral sclerotization of inner 
tube (L.S.I.) poorly defined. Armature of inner 
tube (A.I.T.) sinuate; proximal end rounded; distal 
end subacuminate. Accessory lateral lobe of aedeagus 
(A.L.L.) very pronounced; long, acuminate. Lateral 
ventral sclerite (L.S.) of apodemal strut long, nar- 
row. Crescent sclerite (C.S.) small. Penis rods 
recurved but not coiled. 

Modified Abdominal Segments, Female (plate 4, 
figs. 6-8): Seventh sternum (7S.) with dorsocaudal 
margin concave; ventral portion of caudal margin 
produced into short, obtuse lobe followed by rather 
shallow sinus; ventral lobe slightly convex; with 
row of five bristles caudad of incomplete row of two 
bristles. Spermatheca with tail nearly as broad as 
head; tail slightly longer than head. Anal stylet 
about three times longer than wide at base; with long 


apical bristle plus shorter ventromarginal seta. 


Dorsal anal lobe (D.A.L.) with dorsomarginal 
bristles. Ventral anal lobe (V.A.L.) much narrower 
than dorsal anal lobe; with about three dorsomargi- 
nal bristles; one long apical bristle; three medial 
setae. 

REMARKS.—This species is named for Dr. Phyllis 
T. Johnson, in recognition of her outstanding contri- 
butions in furthering the knowledge of South and 
Central American Siphonaptera. 


Pleochaetis altmani, new species 


(Plates 5 and 6) 


lyre Data.—Holotype male (Coll. No. 6311) ex 
Reithrodontomys sumichrasti vulcanins Bangs at 
Cerro Baru, elevation 10,000 feet, 2 May 1960; allo- 
type female (Coll. No. 5986) ex Orysomys fulvescens 
vegetus Bangs at Finca Martinz near Cerro Punta, 
elevation 6,800 feet, 12 February 1960. Paratypes: 
one male ibid. holotype; one male (Coll. No. 6025) 
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ex Peromyscus nudipes nudipes (J. A. Allen) at 
Finca Martinz, elevation 6,800 feet, 14 February 
1960. All specimens collected by C. M. Keenan 
and V. J. Tipton in the Province of Chiriqui, Panama. 

Holotype male and allotype female deposited in 
the US. National Museum. Paratype males in the 
British Museum (Natural History) and the private 
collection of the senior author. 

Dracnosis.—Pleochaetis altmani, n. 
close to P. schmidti Traub but may be distinguished 
as follows: The movable finger of the clasper is ap- 
proximately 10 times longer than wide at the level 
of the apex of P and the margins are subparallel, 
while in P. schmidti the movable finger is approxi- 
mately 6 times longer than wide and the apical half 
is swollen; the neck of the aedeagus is longer than 
wide in P. altmani, whereas it is very short in P. 
schmidti; the crochet of P. altmani is broad basally 
and the lateral lobes of the aedeagus are distended, 
while in P. schmidti the crochet is only slightly wider 
at the base than at the middle and the lateral lobes 
are only slightly distended; the caudal margin of the 
female seventh sternum is produced into a_ beaklike 
dorsal lobe, whereas the dorsal lobe is truncate in 
P. schmidti. 

DescripTion.—Head, Male (plate 5, fig. 1): 
Frontoclypeal margin rounded, with small but dis- 
tinct frontal tubercle; presetal area variolate; with 
four irregular rows of bristles arranged (11) 12-4- 
3-1. Eye lightly pigmented. Genal process subacumi- 
Maxillary lobe extends be- 


sp., 1S very 


nate; rounded apically. 
yond middle of distal segment of maxillary palpus. 
Apical setae of second antennal segment much less 
than one-half length of club. Postantennal area with 
four rows setae arranged 3-3-2-6, with additional long 
bristle near margin of antennal fossa between rows 
1 and 2; small intercalary setae between bases of 
bristles of last row; small setae on margin of an- 
tennal fossa. 

Thorax (plate 5, fig. 2): 
five long bristles; pronotal comb of 18 spines. Meso- 
notum (MSN.) with three irregular rows of bristles 
arranged 6-5-4 (distorted on opposite side); small 
setae scattered on anteromarginal area. Mesepister- 
num (MPS.) with about eight thin, anterodorsal 
setae plus four medial bristles. Mesepimere (MPM.) 


Pronotum with row of 


with six bristles (one broken off on opposite side). 
Metanotum (MTN.) with three irregular rows of 
bristles arranged 3-6-5; intercalary setae between 
bases of bristles of last row. Lateral metanotal area 
(L.M.) with three bristles. Metepisternum 
(MTS.) with single, bristle. Metepimere 
(MTM.) with two rows of three bristles each; plus 
two bristles not identified with rows. 

Legs: Procoxa with patch of five or six internal 
microsetae in basal angle; approximately 39 stout 
external bristles on medial surface, excluding mar- 
Meso- and metacoxae with strongly sclero- 
several marginal, medial bristles 
with patch of four to five 


row of 


long 


ginals. 
tized internal rods; 
on anteroventral angle; 
microsetae on anterodorsal angle plus three adjacent 
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marginal microsetae; dorsocaudal area with three 
to four, widely separated, external microsetae on 
mesocoxa; metacoxa with four microsetae on dorso- 
caudal margin; patch of three microsetae over proxi- 
mal end of internal rods. Profemur with four ex- 
ternal, medial setae; one long ventromarginal bris- 
tle; 6 dorsomarginal setae plus 11 adjacent sub- 
marginal setae; single seta on inner surface. Meso- 
and metafemora with single medial seta plus usual 
marginal setae. Protibia with seven dorsomarginal 
notches with bristles arranged (base to apex) 2-2-2- 
2-1-2-2; plus 10 submarginal to medial setae; meso- 
tibia with eight dorsomarginal notches with bristles 
arranged (base to apex) 2-2-1-2-2-1-2-2; plus 15 to 
16 submarginal to medial setae; metatibia with nine 
dorsomarginal notches with bristles arranged (base 
to apex) 2-2-1-2-2-1-1-2-2; plus 18 submarginal to 
medial setae. Protarsus with fifth segment longest, 
fourth shortest. Meso- and metatarsi with first seg- 
ment longest, fourth shortest. No bristles reach be- 
yond apex of next segment. 

Abdomen: Apical spinelets single on terga 1 and 5, 
paired on terga 2 to 4. Terga with two rows of bris- 
tles, usually arranged (5)7-(6)7 but with reduction 
in number of bristles of first row progressing cau- 
dally; tergum 7 has two bristles in first row; inter- 
calary microsetae between bases of bristles of second 
row. Basal sternum with one submarginal bristle; 
sterna 3 to 7 with row of three (occasionally four) 
stout bristles preceded by patch of one to four weaker 
bristles. 

Modified Abdominal Segments, Male (plates 5 and 
6, figs. 3-5, 10) : Eighth tergum well developed; with 
four stout, dorsomarginal bristles; five medial bris- 
tles plus six small setae ventrad of sensillium. Eighth 
sternum (plate 5, fig. 5) reduced, slender; with long 
apical bristle; two ventromarginal bristles. Immova- 
ble process (P.) of clasper narrow; bearing mod- 
erately long, apical bristle; one small, subapical bris- 
tle; one minute medial seta; dorsal portion of pos- 
terior margin slightly concave; deep sinus dorsad of 
acetabular bristles. Movable finger (F.) of clasper 
approximately 10 times longer than wide, measured 
at apex of P; extending about one-third its length 
distad of immovable process; subclavate to clavate; 
anterior margin only slightly concave for most of its 
length but bent abruptly cephalad near its apex to 
form beak bearing single seta; dorsocaudal angle 
broadly rounded; with moderately long, submarginal 
bristle; seven to eight smaller bristles around base of 
long bristle; plus seven small bristles scattered over 
medial surface; caudal margin slightly concave at 
midpoint. Proximal arm of ninth sternum bent 
caudad subapically; incrassate. Distal arm with 
proximal portion not swollen into lobe; with eight 
short marginal to submarginal setae; two moderately 
long bristles; two long bristles; apical half of caudal 
margin strongly concave; with eight submarginal 
setae; 11 or 12 smaller setae scattered over medial 
surface; dorsal margin with narrow, sclerotized band 
bearing three thin setae. 


TIpTtoN AND MENDEZ: NEW SPECIES OF FLEAS FROM PANAMA 


263 


Aedeagus (plate 6, fig. 9) : Aedeagal apodeme with 
conspicuous middle plate; apical appendage very 
short; neck (N.) longer than wide; proximal spur 
(P.S.) well developed, directed caudad for half its 
length, then dorsad. Apodemal strut with dorsal lobe 
(D.S.) sinuate; rounded apically ; medial lobe ( M.S.) 
broad; arrow-shaped; lateral ventral lobe (L.S.) 
long; curved dorsad. Crescent sclerite (C.S.) slender 
but well sclerotized. Median dorsal lobe (M.D.L.) 
strongly sclerotized; apex beak-shaped. Sclerotized 
inner tube (S.I.T.) shaped like inverted boot. Lateral 
sclerotization of inner tube (L.S.I.) hornlike. Cro- 
chet (CR.) lightly sclerotized, with very broad base: 
dorsal margin almost straight; ventral margin con- 
cave; apex slender, subacuminate. Lateral lobes 
(L.L.) well developed; distended ventrally. Penis 
rods strongly recurved but not coiled. 

Modified Abdominal’ Segments, Female (plate 6, 
figs. 6-8): Seventh sternum (7S.) with dorsal por- 
tion of caudal margin concave; dorsal lobe somewhat 
beak-shaped ; margin excavated ventrad of lobe; row 
of five long bristles caudad of four shorter bristles; 
three additional bristles caudad of row. Eighth ter- 
gum with row of short setae cephalad of stigma; 
bristle ventrad of sensillium; several other 
smaller ventrad and caudad of sensillium. 
Eighth sternum subacuminate; with three long bris- 
tles. Ninth sternum caudal margin bilobate; with 
two moderately long bristles on apex of ventral lobe. 
Dorsal anal lobe with \nal 
stylet bearing long apical bristle; shorter, subapical 


long 


setae 


several medial bristles. 


bristle on dorsal margin; similar subapical bristle on 
ventral margin. Ventral anal lobe with two long 
apical bristles; shorter bristles. 
Spermatheca head slightly more than one-half as 
broad as long; end than at other 
extremity; tail bent sharply at right angles to head 

REMARKS.—Pleochaetis altmani collected at 
elevations in excess of 6,500 feet. Further collecting 
at high elevations will likely reveal its true host 
relationship. 

This species is named for Major Robert M. Alt- 


several marginal 
narrower at tail 


was 


man, who has made some valuable contributions to 
the knowledge of the ectoparasites of Panama. 


(Jordan and 


Pleochaetis dolens dolens 
Rothschild ) 


Ceratophyllus dolens Jordan and Rothschild, 1914, Novit. 
Zook, 2): 257, fies. 1, 2. 

Pleochaetis dolens, Jordan, 1923, Novit. Zool. 39: 77. 

Pleochhactis dolens dolens, Traub, 1950, Zool. 
Chicago Nat. Hist. Mus. 1: 34-36, pls. 18, 19. 


Mem 


Type Data.—Male and female ex Guerlinguetus 
hoffmant Thomas (=Sciurus granatensis hoffmani 
Peters) at Irazu, Costa Rica, elevation 2,800 feet; 
collected by O. Garlepp. Other records include speci- 
mens ex Sciurus variegatoides bangsi Dickey from 
El Salvador, and ex Glaucomys goldmani Nelson and 
Orthogeomys Thomas from Guatemala 
(Traub 1950). 

PANAMANIAN MATERIAL STUDIED.—A total of 48 


grandis 
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males and 69 females ex several hosts, as follows: 30 
males and 34 females ex (34) Peromyscus nudipes 
nudipes (J. A. Allen) ; 6 males and 9 females ex (7) 
Sciurus granatensis chiriquensis Bangs; 6 males and 
5 females ex (8) Reithrodontomys sumichrasti vul- 
canius Bangs; 3 males and 5 females ex (4) Reithro- 
dontomys mexicanus garichensis Enders and Pear- 
son; 1 male and 3 females ex Scotinomys teguina 
episcopi Enders and Pearson; 1 male and 3 females 
(2) Oryzomys alfaroi alfaroi (J. A. Allen); 6 

) Oryzomys fulvescens vegetus Bangs; 
female ex (2) Didelphis marsupialis 
\llen; 1 male ex Mus musculus brevi- 


ex 


females ex (5 
l 


1 male and 
etensis J. A 


Pleochaetis altmani, new species 
metathorax, 


Piate 5.— 
Fic. 2.—Mesothorax, 
segments. 
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rostris Waterhouse; 1 female ex Mustela frenata 
panamensis Hall; 1 female ex Procyon lotor pumilus 
Miller; and 1 female ex rodent nest. All specimens 
were collected in January, February, and May 1960, 
above 5,000 feet, in Chiriqui. 

REMARKS.—AII our specimens fall within the range 
of intraspecific variation as described by Traub 
(1950). However, it may be of some interest to 
point out that our specimens agree more closely with 
those illustrated by Traub from El Salvador (ex 
Sciurus variegatoides bangsi Dickey) than with 
those from Guatemala, and that additional collecting 
will likely reveal continuous variation. 


MENDEZ 


Fic. 1.—Head, prothorax, and procoxa. 
Fic. 3.—Modified abdominal 
Fic. 5.—Eighth sternum. 


male. 
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PLATE 6.—Pleochaetis altmani, new species. 


Fic. 7.—Female, spermatheca. 
Male, apex of aedeagus. 


Kohlsia keenani, new species 


(Plates 7 and 8) 


Tyre Data.—Holotype male (Coll. No. 5790) ex 
Peromyscus nudipes nudipes (]. A. Allen) at lava 
flow above El Hato, elevation 5,000 feet, 28 January 
1960. Allotype female (Coll. No. 5779) ex P. n. 
nudipes at Casa Tilley below Cerro Punta, elevation 
5,300 feet, 27 January 1960. Paratypes: male and fe- 
male (Coll. No. 5818) ex Orysomys devius Bangs, 30 
January 1960; twe ‘emales (Coll. No. 5821), 30 Janu- 


Fic. 8—Female, anal stylet and ventral anal lobe. 
Fic. 10.—Male, distal arm of ninth sternum. 


J —— 


Y 


Jp # (\ 
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Fic. 6.—Female, modified abdominal segments. 


Fic. 9. 


ary 1960, and (Coll. No. 5986), 12 February 1960, 
respectively, ex Orysomys fulvescens vegetus Bangs, 
and one female (Coll. No. 5823), 1960, 
all at Finca Martinz above town of Cerro Punta, ele- 
vation 6,800 feet: (Coll. No. 
Peromyscus n. nudipes, 20 January 1960, and two fe- 
males (Coll. No. 5742), 21 January 1960, and (Coll 
No. 6230), 4 May 1960, respectively, ex Orysomys 
alfaroi alfaroi (J. A. Allen) at Casa Tilley; one fe- 
male (Coll. No. 5844) ex Scotinomys teguina ept- 
scopi Enders and Pearson, 31 January 1960, below 


30 January 


one male 5738) ex 
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Finca Pitty, elevation 6,000 feet. All specimens col- 
lected in the Province of Chiriqui, Panama, by C. M. 
Keenan and V. J. Tipton. 

Holotype male and allotype female deposited in the 
U. S. National Museum. Paratypes deposited in the 
British Museum (Natural History), the private col- 
lections of the senior author, Lt. Col. Robert Traub, 
and Gorgas Memorial Laboratory. 

Dracnosis.—Korlsia keenani, n. near K. 
gammonsi Traub, 1950, but is readily separated as 
follows: The distal arm of the ninth sternum bears 
a single bristle on the dorsal margin which is some- 
what less stout than in Jellisonia sp. but is absent in 
K. gammonsi; in K. gammonsi the eighth sternum 
has a concave dorsal margin and two long subapical 
bristles on the ventral margin plus three shorter bris- 
tles proximad to these, while in K. keenant the dorsal 
margin is not concave but has a median hump and 
there are two long median bristles in addition to five 
long ventromarginal bristles; the vertex of the 
trigonate crochet is elongate and the sides are con- 
cave, whereas in K. gammonsi tlie caudal point of 
the crochet is more elongate than the vertex and the 
dorsal margin is almost straight; the seventh sternum 
of the female has a deep caudal sinus and a truncate 
dorsal lobe, as compared with an acuminate dorsal 
lobe and a sharp, but shallow, sinus in K. gammonsi. 
In addition, the preantennal area of the head is 
pointed and bears 14 bristles, whereas the head of 
K. gammonsi is somewhat pointed but bears 20 bris- 
tles on the preantennal area. 

DescripTIoN.—Head, Male (plate 7, fig. 1): An- 
terior margin of head somewhat pointed; with promi- 
nent frontal tubercle; micropunctations cephalad of 
14 stout bristles on preantennal area; microsetae 
along anterior margin of antennal fossa. Eyes subo- 
vate; ventromarginal area more heavily pigmented 
than center and dorsal margin. Genal process sub- 
acuminate, but with rounded. Maxillary lobe 
acuminate; reaches almost to midpoint of distal seg- 
ment of maxillary palpus. Maxillary palpus four- 
segmented. Labial palpus five-segmented, reaching 
about three-fourths length of fore coxa. Postantennal 
area with three rows of bristles arranged 4-5-5; with 
intercalary setae between first and second rows and 
between bristles of third row; microsetae arranged 
along posterior margin of antennal fossa. Antenna 
with patch of microsetae on proximal end of first 
segment ; medial apical setae of second segment much 
less than one-half length of club. 

Thorax, Male (plate 7, fig. 2) : Pronotum with row 
of five bristles; intercalary fine setae between larger 
bristles; about 24 spines in pronotal comb; ventral- 
most spine about one-half width of other spines. 
Mesonotum (MSN.) with three irregular rows of 
setae arranged 7(8)-5-4; plus row of seven fine setae 
on flange; intercalary setae between bristles of last 
row. Mesepisternum (MPS.) with three stout bris- 
tles, one fine medial seta, additional three fine setae 
in dorsal area. Mesepimere (MPM.) with three stout 
bristles on anterior half, three more near viniculum. 


sp., 1S 


apex 
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Metanotum (MTN.) with three irregular rows of 
bristles arranged 4-6-4; plus two or three setae pre- 
ceding first row. Lateral metanotal area (L.M.) 
broader than long; with three bristles, dorsalmost 
longest, ventralmost thin, weak. Metepisternum 
(MTS.) with one long bristle near dorsocaudal 
angle; squamulum well developed. Pleural arch well 
sclerotized. Metepimere (MTM.) with eight bristles 
arranged in irregular row of four, straight row of 
three, plus single bristle. 

Legs, Male: Procoxa with 32 to 34 stout bristles, 
exclusive of marginals. Outer surface of profemur 
with six to seven thin setae; inner surface with single 
seta. Protibia with seven dorsal notches with bris- 
tles arranged (base to apex) 2-2-2-2-1-2-3. Fifth 
tarsal segment longest, fourth shortest; six pairs 
plantar bristles, first and sixth pairs displaced medi- 
with strongly sclerotized internal 


ally. Mesocoxa 


rods; patches of microsetae over proximal end of in- 


ternal rods, on anterodorsal angle; row of three 
microsetae on caudobasal angle; single seta on outer 
surface of mesofemur; long marginal bristle on ven- 
trodistal margin; usual dorsomarginal, apical bristles. 
Trochanter with very prominent knob. Mesotibia 
with eight dorsal notches with bristles arranged (base 
to apex) 2-2-1-2-2-1-2-3; one apical bristle reaches 
apex of first tarsal segment; 12 medial bristles plus 
apicoventromarginal bristles; first tarsal segment 
longest, fourth shortest; six pairs plantar bristles, 
sixth pair medially displaced; no bristles reach be- 
yond apex of next segment. Metacoxa with highly 
sclerotized internal rods; patches of microsetae over 
proximal end of rods, and in anterodorsal angle; 
three to four marginal microsetae on caudodorsal 
margin ; several heavy bristles on anteroventral angle. 
Metafemur with single external seta; nine dorso- 
caudal notches on metatibia with bristles arranged 
(base to 2-2-1-2-2-1-1-2-3; with 13 medial 
setae; first tarsal segment longest, fourth shortest; 
six pairs plantar bristles, sixth pair medially dis- 
placed; no tarsal bristles reach beyond apex of next 
segment. 

Abdomen: Spinelets on tergum 2 paired; terga 
3 to 5 with single spinelets; tergum 1 with three 
rows bristles arranged 2-5-5; terga 2 to 7 with bris- 
tles arranged in two rows, first row ranging from 
seven on tergum 2 to two bristles on tergum 7, 
second row of (usually) seven much stouter bristles. 
Basal sternum with one bristle; sterna 3 to 7 with 
three bristles. Middle antesensillial bristle about 
eight times length of the other two. 

Modified Abdominal Segments, Male (plates 7 and 
8, figs. 3-5, 10): Tergum 8 well developed; covers 
genitalia almost completely; with row of four stout 
bristles preceded by two shorter bristles; one weak 
seta at level of anterior margin of clasper. Sternum 
8 with large, club-shaped process; subacuminate apex 
bearing five ventromarginal bristles plus two long 
medial bristles; proximoventral margin dentate. 
Proximal arm of ninth sternum with long, subacumi- 
nate apex. Distal arm of ninth sternum bilobed ; promi- 


apex ) 
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nent ventral lobe bearing four stout marginal bristles 
plus four to five weaker, submarginal bristles; apical 
lobe bearing four spiniform bristles plus four to five 
medial bristles; dorsal margin with hump bearing 
prominent bristle on dorsocaudal angle. Immovable 
process (P.) of clasper with dorsal margin rising 
gradually to apex; dorsocaudal margin sloping cau- 
doventrally at about same angle; remainder of caudal 
margin almost straight; with slight concavity; with 
about five weak apical, subapical setae; paired aceta- 
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bular bristles on caudoventral angle. Movable finger 
(F.) of clasper about as long as immovable process ; 
cephalad margin slightly concave; bearing two or 
three fine setae; apex truncate; caudal margin con- 
vex, bearing three stout submarginal bristles with 
intercalary setae between them; with four to five 
medial setae. 

Aedeagus (plate 8, fig. 9): Aedeagal apodeme ap- 
proximately twice as long as aedeagus proper ; middle 
plate of aedeagal apodeme prominent; broad distally ; 


Fic. 1—Head, prothorax, and procoxa. 
Fic. 3.—Modified abdominal 
Fic. 5.—Eighth sternum. 
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becoming acuminate at point near broad proximal (S.I.T.) narrow; oriented vertically. Armature of 
spur (P.S.). Accessory lateral lobe (A.L.L.) of inner tube (A.I.T.) resembling slightly tipped bell. 
aedeagus swollen medially, acuminate distally. Cres- Lateral lobe of aedeagus (L.L.) large flap extending 
cent sclerite (C.S.) well defined. Dorsal margin of from lateroventral curved lobe of apodemal strut 
median dorsal lobe (M.D.L.) strongly sclerotized; (L.S.) to primary median dorsal lobe of aedeagus 
with prominent beaklike process followed by invagi- (P.M.D.); with proximoventral angle spiculate. Cro- 
nation; forms indistinct, bilobed, primary median chet (CR.) well developed; trigonate; dorsal and 
dorsal lobe (P.M.D.) at apex; ventral margin of ventral margins deeply concave; caudal margin con- 
median dorsal lobe with deep convolution which cave but with slight hump near dorsal apex; sub- 
forms secondary paradorsal lobe opposite beaklike marginal area reticulate. 

process of dorsal margin. Sclerotized inner tube Modified Abdominal Segments, Female (plate 8, 


Jf 
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PLATE 8.—Kohlsia keenani, new species. Fic. 6.—Female, modified abdominal segments. 
Fic. 7.—Female, spermatheca. Fic. 8.—Female, anal stylet and ventral anal lobe. Fic. 9.— 
Male, apex of adeagus. Fic. 10.—Male, distal arm of ninth sternum. 
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figs. 6-8): Sternum 7 (7S.) produced into prominent, 
followed by deep sinus; 
caudally sloping ventral lobe; with three medial 
bristles. Tergum 8 with about 10 small bristles 
cephalodorsad of spiracle; two long bristles ventrad 
of sensillium; about five long bristles plus five more 
smaller bristles on ventral half of tergum 8. Sternum 
8 reduced to inconspicuous ventral flap. Dorsal anal 
lobe of proctiger with several marginal, medial bris- 
tles. Anal stylet about four times longer than wide; 
bearing single, long apical bristle; shorter ventral 
bristle; ventral anal lobe acuminate apically but 
ventral margin rounded; bearing 10 stout marginal 
bristles plus 3 to 4 weaker submarginal bristles. 
Spermatheca with small, subglobular head; tail al- 
most twice length of head, bent at right angles with 
tip slightly overhanging head. Bursa copulatrix with 


subtruncate dorsal lobe 


its duct well sclerotized. 

REMARKS.—This species is named for Mr. Charles 
M. Keenan, an indefatigable field worker and a most 
pleasant field companion. 


Kohlsia traubi, new species 
(Plates 9 and 10) 

Data.—Holotype male and allotype female 
(Coll. No. 6195) ex Peromyscus nudipes nudipes 
(J. A. Allen) at Casa Tilley below town of Cerro 
Punta, elevation 5,300 feet, 3 May 1960. Paratypes: 
104 males and from host and 
general locality as holotype and allotype, collected at 
elevations between 5,000 and 6,800 feet in January, 
February, and May 1960. One male and one female 
(Coll. No. 5791) ex Oryzomys alfaroi alfaroi (J. A. 
\llen) on lava flow above El Hato, elevation 5,000 
feet, 28 January 1960. All specimens collected by 
C. M. Keenan and V. J. 
In addition, two males and two females in the pri- 
vate collection of Lt. Col. Robert Traub (Coll. No. 
RT B-1445) are designated paratypes. They were 
collected from “small gray forest rat” in March 1941 
at Volcan, Panama, by H. C. Mathes. 

Holotype and allotype deposited in the U. S. 
National Museum. Paratype specimens deposited in 
the British Museum (Natural History) and in the 
private collections of the author, Lt. Col. 
Robert Traub, and Gorgas Memorial Laboratory. 

DraGnosis.—Kollsia traubi, n. sp., is very near 
K. whartoni Traub and Johnson, 1952, but may be 
differentiated on the basis of the following charac- 
ters: The eighth sternum of K. whartoni is truncate 
and while in K. traubi it is 
subacuminate and bears only two to three bristles; 
the apex of the distal arm of the ninth sternum is 
somewhat globular in K. whartont, but is subacumi- 
nate in A. traubi; on the caudal margin of the process 
of the clasper there is a slight protuberance which 
bears the acetabular bristles in K. whartoni, but the 
same margin in K. traubi is straight; the crochet of 
K. traubi lacks the fanglike projection of the ventral 
margin present in AK. whartoni; the primary median 
dorsal lobe of K. traubi is not as greatly dilated as 


Typ! 


females same same 


T:pton in Chiriqui, Panama. 


senior 


bears several bristles, 
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it is in K. whartoni; and in the female the ventral 
lobe of the seventh sternum is less pronounced in 
K. traubi. 

Description.—Head, Male (plate 9, fig. 1): An- 
terior margin of head broadly rounded; with frontal 
tubercle; preantennal area micropunctate cephalad 
of 14 to 15 bristles; microsetae on margins of anten- 
nal fossa. Eye subovate; margin more heavily pig- 
mented than medial area. Genal subacumi- 
nate; rounded apically. Maxillary lobe reaches al- 
most to midpoint of distal segment of maxillary pal- 
pus. Maxillary palpus four-segmented. Labial palpus 
five-segmented; reaching to about two-thirds length 
Postantennal area with three rows bris- 
tles arranged 3(4)-5-5; with intercalary setae be- 
tween bases of bristles of last Antenna with 
patch of microsetae on proximal end of first segment ; 
medial, apical setae on second segment not elongate. 


Thorax (plate 9, fig. 2): Pronotum with row of 


process 


of fore coxa. 


row. 


five to six bristles; intercalary fine setae between 
bases of bristles; about 18 spines in pronotal comb. 


Mesonotum (MSN) with irregular row of seven 
bristles followed by row of four stout bristles with 
intercalary microsetae; row of two to three setae 
on flange; four subapical pseudosetae. Mesepister- 
num (MPS.) with two to three stout bristles plus 
one or two fine medial setae; three more fine setae 
Mesepimere (MPM.) with seven 


(MTN.) with three rows 


on dorsal area. 
stout bristles. Metanotum 
bristles usually arranged 4-6-5. Lateral metanotal 
area (L.M.) broader than long: with two to three 
stout bristles. Metepisternum (MTS.) with one long 
bristle. Squamulum well developed. Pleural arch 
well sclerotized. Metepimere (MTM.) with six long 
bristles. 

about 30 stout bristles ex- 
Outer 


Legs: Procoxa with 


surface of profemur 
inner surface 


dorsomarginal 


marginals. 
to eight thin setae; 
Protibia with 

notches bearing bristles arranged (base to 
2-2-2-2-1-2-3; plus eight medial bristles. Fifth pro- 
tarsal segment longest, fourth segment shortest; six 
pairs plantar bristles, first and sixth pairs medially 
displaced. | Meso- metacoxae with strongly 
sclerotized internal rods; patches of microsetae over 
proximal end of internal rods, and on anterodorsal 


clusive of 
with six with 


single seta. seven 


apex ) 


and 


caudobasal angle of 
anteroventral 


with 


microsetae on 
stout bristles on 
angle of metacoxa. Meso- metafemora 
external seta; usual 
Meso- and metatibiae with eight dorsocaudal 


angles; row of 


mesocoxa; several 
and 
single dorsomarginal, apical 
setae. 
notches bearing bristles arranged 
2-2-1-2-2-1-2-3; 12 medial bristles 
biae). Meso- and metatarsi with 
longest, fourth shortest; first and 
plantar bristles medially displaced. 
Abdomen: Terga 1 to 4 with apical 
usually paired on tergum 2. Tergum 1 with two rows 
bristles arranged (5)6-5(7) ; plus one or two bristles 
with row of five to 


(base to 
(13 on 
first 
sixth 


apex ) 
metati- 
segment 


pairs of 


spinelets : 


cephalad of rows; terga 2 to 7 


seven stout bristles preceded by row of two to five 
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smaller bristles; intercalary setae between bristles 
Basal sternum with one seta per side. 
Sterna 3 to 7 with row of three to four bristles 
on each Dorsal antesensillial bristle about 
three times longer than ventral bristle. 

Modified Abdominal Segments, Male (plates 9, 
10, figs. 3-5, 10): Tergum 8 indistinct, somewhat 
expanded; reaches caudally to margin of clasper; 


of last row. 


side. 
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PLate 9.—Kohlsia traubi, new species, 


segments. 
5b.— Variation of eighth sternum. 


ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


male. 
Fic. 2.—Mesothorax, metathorax, and first abdominal tergum. 
Fic. 4.—Process and movable finger of clasper. 
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with four bristles cephalad of sensillium plus four 
medial bristles in dorsocaudal area, of which ventral- 
most is very long. Sternum 8 with well-developed 
process bearing two subapical bristles plus one long 
subbasal bristle (shape of process, position and num- 
ber of bristles variable, as indicated in plate 9, 
figures 5, 5a, 5b). Distal arm of ninth sternum with 
heavily sclerotized mesal rod extending almost to 


3 


Fic. 1.—Head, prothorax, and 
Fic. 3.—Modified 
Fic. 5.—Eighth sternum. 


a Vp 


procoxa. 
abdominal 


Fics. 5a, 
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apex; with conspicuous ventral lobe bearing two to 
three stout marginal bristles plus six to seven smaller 


medial bristles; ventral margin of apical half of arm 
straight; apex rounded; with 10 to 12 weak sub- 
one longer subapical bristle on 
of clasper 
margin 
finger 


marginal bristles; 
dorsal margin. Immovable process (P.) 
reticulate; apex short, subrounded; caudal 


almost straight, slightly concave. Movable 
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immovable 


(F.) 


pre ceSS; 


of clasper about same length as 
cephalad margin with three to four small 
protuberances into each of which a small bristle is 
inserted; two or three small apical, subapical micro- 
rounded; with small 
stout 
seven to eight medial microsetae 


(plate 10, fig. 9): Aedeagal 


setae; caudal margin evenly 


subapical seta followed by three submarginal 


bristles ; 
é fedeagu § 


apodeme 


MENDEZ 


PLaTE 10.—K ohlsia 
Fic. 7.—Female, spermatheca. 
Male, apex of aedeagus. 


traubi, new species. 


Fic. 6.- Female, 
Fic. 8.—Female, anal stylet and ventral anal lobe. 
Fic. 10.—Male, distal arm of ninth sternum. 


modified abdominal segments 


Fic. 9. 
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about three times as long as aedeagus proper; mid- 
dle plate of aedeagal apodeme rather poorly defined ; 
proximal spur (P.S.) very small, inconspicuous, seta- 
like, with smaller accessory spur caudad of proximal 
Accessory lateral lobe (A.L.L.) of aedeagus 
indistinct distally but apparently truncate. Crescent 
sclerite (C.S.) distinct; with cephalodorsal “fin.” 
Median dorsal lobe (M.D.L.) with double convolu- 
tion forming cleaverlike primary median dorsal lobe 
(P.M.D.); rounded primary  paradorsal lobe 
(P.D.L.). Sclerotized inner tube (S.1.T.) narrow; 
sinuate. Armature of inner tube (A.I.T.) narrow; 
curved; with ventrad leaflike sclerite. Lateral lobe 
of aedeagus (L.L.) well developed; with convex 
caudal margin. Crochet (C.R.) conical; longer than 
broad; caudodorsal angle reticulate; caudoventral 
angle subtenuis. Penis rods strongly recurved, but 
not coiled. Pod-shaped sclerotization near end of 
aedeagal apodeme. 

Modified Abdominal Segments, Female (plate 10, 
figs. 6-8) : Seventh sternum (7S.) with short, nipple- 
like dorsal lobe; remainder of caudal margin almost 
straight; produced caudad ventrally to form subacu- 
minate ventral lobe; with medial row of four bristles 
per side. Eighth tergum (8T.) with about seven 
weak bristles cephalodorsad of spiracle; two long 
bristles ventrad of sensillium; ventromedial row of 
three stout bristles preceded by two weaker bristles. 
Eighth sternum inconspicuous; caudad process about 
twice as long as broad. Ninth sternum inapparent. 
Dorsal anal lobe of proctiger with eight or nine weak 
medial bristles plus dorsomarginal bristles; two ven- 
tral bristles directly ventrad of anal stylet. Anal 
stylet about 2% times longer than wide; long api- 
cal bristle; weaker ventromarginal bristle; with one 
or two subapical microsetae. Ventral anal lobe with 
two stout marginal, three stout submarginal, two or 
three weak medial bristles. Head of spermatheca 
about 1% times longer than broad; tail more than 
1% times longer than head: 
that its tip is at right angles with head. Bursa copu- 
latrix well sclerotized; cephalad end dilated. 

REMARKS.—This species is named for Lt. Col. 
Robert Traub, an astute student of the Siphonaptera 
and a generous friend and advisor. 

Kohlsia traubi was the most common flea encoun- 
tered in Chiriqui, and was collected at all elevations 
where Peromyscus nudipes nudipes was found. 


spur. 


tail curved gently so 


Kohlsia graphis graphis (Rothschild) 


Ceratophyllus graphis Rothschild, 1909, Novit. Zool. 16: 
62, pl. 10, figs. 3, 4. 

Kohlsia graphis graphis, Traub, 1950, Zool. Mem. 

Chicago Nat. Hist. Mus. 1: 50-51; pl. 29, fig. 6; pl. 


2/ 
OU, figs. 3-7. 


Tyre Data.—Type specimens ex Sciurus deppiet 
(sic) from Nicaragua. Known only from the original 
type material. 

PANAMANIAN MATERIAL StTupDIED.—Four speci- 
mens ex Sciurus granatensis chiriquensis Bangs, as 


follows: One male and one female (Coll. No. 6010) 
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from La Amenaza near Bambito, elevation 5,800 feet, 
14 February 1960; one female (Coll. No. 5997) at 
Finca Martinz near Cerro Punta, elevation 6,800 
feet, 12 February 1960; one female (Coll. No. 5762) 
at Casa Tilley, 27 January 1960. 

ReMARKS.—There were no fleas removed from 63 
specimens of Sciurus granatensis ssp. collected in 
the lowlands of Panama, and only 3 out of 15 speci- 
mens of S. g. chiriquensis collected above 5,000 feet 
were infested with Kohlsia graphis graphis. We were 
unable to collect other species of squirrels (Micro- 
sciurus sp.) at high elevations; and it may be that 
this flea is not so rare as collection records would 
indicate, but rather that the true host is difficult to 
collect. 


Strepsylla dalmati Traub and Barrera 


Strepsylla dalmati Traub and Barrera, 1955, Fieldiana: 
Zool. 37: 541-4; pl. 10, figs. 1-3; pl. 11, fig. 1; pl. 
13, fig. 1. 

Tyre Data—Holotype male ex Peromyscus 
guatemalensis from “Jalapa, five miles east of Mata- 
quescuintla, La Soledad Grande, Guatemala;” ele- 
vation 8,300 feet, collected by Luis de la Torre, 21 
March 1952. 

PANAMANIAN MATERIAL StupieED—One male 
(Coll. No. 6312) ex Reithrodontomys sumichrasti 
vulcanius Bangs on Cerro Baru, elevation 10,500 feet, 
2 May 1960; one male (Coll. No. 5815) ex Pero- 
myscus nudipes nudipes (J. A. Allen) at Finca Mar- 
tinz near Cerro Punta, elevation 6,800 feet, 30 Janu- 
ary 1960; one female (Coll. No. 5819), ibid., but ex 
Oryzomys fulvescens vegetus Bangs. 

REMARKS.—The female is not described, as it is 
difficult, if not impossible, to associate accurately 
single females with single males collected from dif- 
ferent hosts. 
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Audiospectrographic Analysis of Sounds of Hemiptera and Homoptera’ 


THOMAS 


MOORE? 


ABSTRACT 


Audiospectrographs of sounds of 11 species of Hem- 
iptera from the families Cydnidae, Pentatomidae, Reduvi- 
idae, Phymatidae, and Corixidae, and 13 species of 
Homoptera from the families Cercopidae, Cicadellidae. 
Membracidae, and Fulgoridae are presented and dis- 
cussed. These sounds can be grouped as common sounds, 
courtship sounds, or disturbance sounds, depending on the 
circumstances under which they are produced. Hemiptera 
produce noises by moving a movable scraper over a 
stationary file, while Homoptera produce noises by vi- 
brating tergal abdominal timbals. Phymatids and reduvi- 
ids appear to use fewer teeth per stridulation than the 
total number present on the file. Also, three different 
patterns of head movement associated with sound pro 
duction are found among the five subfamilies of Reduvi- 
idae recorded. In general, sounds produced by Hemiptera 
are much more uniform than the irregular series of ticks 
and trills produced by Homoptera. No positive evidence 
of function for any of these sounds has yet been pre- 
sented, although many authors have linked sound pro- 
duction and courtship in several families of Hemiptera 
and Homoptera. Because they are such soft sounds, it is 
not likely that they function as the primary mechanism 


Individuals of many hemipterous and auchenor- 
rhynchous homopterous families produce soft, repeti- 
tious, monotonous noises under certain circumstances. 
The three main situations in which such noises are 
produced are: (1) 
or groups of individuals (either males or females or 
both) in which the individuals are not in prolonged 
physical contact with each other (e.g., congregated 
on a particular part of the host); (2) males and fe- 
in prolonged physical 


single individuals sitting alone, 


males in close proximity or 
contact with one another, in either case engaged in 
courtship or copulation; and (3) individuals which 
are being handled or otherwise disturbed. Those 
sounds produced under circumstances indicated by 
(1) may be called common sounds (equivalent to 
“common songs” of Ossiannilsson 1949), those pro- 
duced under circumstances indicated in (2) may be 
called courtship sounds (including noises categorized 
“call of invitation,” and “call 
while those 


as “call of courtship”, 
of pairing” by Ossiannilsson, op. cit.), 
noises produced by disturbed individuals as indicated 
in (3) may be called disturbance sounds (equivalent 
to Ossiannilsson’s “calls of distress” and perhaps his 
“calls of rivalry,” op. cit.). It is likely that in the 


1 This research was aided by a Faculty Research Grant from 
the Horace H. Rackham School of Graduate Studies of The 
University of Michigan. Accepted for publication July 1960. 

Museum of Zoology and Department of Zoology, Uni- 
versity of Michigan, Ann Arbor. 
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of species congregation as is the case in loud-singing 
insects, but rather that they function at a secondary level 
after congregation has occured in response to other 
stimuli. These soft noises probably arose in conjunction 
with moving visual cues in the courtship behavior of 
Hemiptera and Homoptera, and became functional in dis 
turbance situations only after they became relatively 
intense. Species which occur in the same sound environ 
ment produce sounds which differ primarily in numbet 
of tooth-strikes or timbal-vibrations per pulse, in timbal- 
vibration rate. in number of pulses per phrase, and in 
pulse rate. Special equipment has been constructed to 
reduce background noise and to amplify the soft sounds 
produced by these animals while observing them at the 
same time. Changes made in the tape recorder circuits 
and a transistor amplifier designed especially for record 
ing soft sounds between 0.3 and 12 keps. are described 
‘he next logical step to be taken in the analysis of thes« 
sounds is to establish a predictable response to some 
naturally produced sounds, and then to proceed to analyze 
experimentally its function and its means of transmis 
sion and reception. 


soft-singing Hemiptera and Homoptera those calls 
associated with (1) are more nearly functional equi- 
valents of early or precourtship songs of the loud 
singing Orthoptera and Cicadidae ( Homoptera ) 
Members of over a dozen hemipterous families and 
about a half-dozen homopterous families (exclusive 
of cicadas) are known to produce soft noises in at 
the above situations. | 
19 species of Hemiptera representing the families 
Cydnidae, Pentatomidae, Reduviidae, Phymatidae, and 


least one of have recorded 


Corixidae, and 17 species of Homoptera representing 
the families Cercopidae, Cicadellidae, Membracidae, 


and Fulgoridae. I have heard and recorded common 


calls produced by Cydnidae, Pentatomidae, Corixidae, 
1 


Cercopidae, Cicadellidae, and Fulgoridae, and dis- 
turbance calls of Cydnidae, Reduviidae, Phymatidae, 
and Cercopidae. I have not heard courtship calls, 
except in the loud-singing Cicadidae. 

The known structures involved in sound production 
in Hemiptera are composed of a more or less sta- 
tionary file and a movable scraper of integumentary 
The stridulatory structures of the animal 
(1) 


origin. 
discussed here fall into three main categories: 
prosternal files with apical labial scrapers as in 
phymatids and (2) files 
thoracic wing vein IV or Cu) with scrapers on ab- 
dominal terga one or two as in cydnids and piesma- 
tids, and (3) tergal or pleural or cephalic files with 


reduviids, wing (meta- 
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tibial or femoral scrapers as in corixids and aradids. 
The mechanism of sound production by pentatomids 


is unknown. All of the auchenorrhychous Homoptera 


reported on here produce noises by means of tergal 


abdominal timbals associated with segments one or 
two and involving muscles Iadvm as described by 
Ossiannilsson (1949). 

No hearing organs have been established among 
these soft-noise-producing species. It has been as- 
sumed, but not tested, that these sounds are trans- 
mitted through fluids (air or water), although some 
authors have assumed transmission through a solid 
(Autrum and Schneider 
1949, Schneider 1950). It may 
the Johnson’s organ associated with the 
segment of the Auchenorrhyncha 
sounds. 


substrate as most logical 
1948, Ossiannilsson 
be that 
second antennal 
functions as a sound receptor of air-borne 
In courtship situations, when two insects are in physi- 
cal contact, a direct tactile response to these vibra- 
tions may be involved. Until some definite, predicta- 
ble response to a naturally produced sound has been 
established, the mechanism of transmission and re- 
ception must remain speculative. 

Individuals of some species, such as the leafhoppers 
Erythroneura hyperici and Idiocerus laminatus, alter- 
nate sounds when two males are in close proximity 
(Ossiannilsson 1949). In this same paper Ossiannils- 
son also describes the adjustment of sound produc- 
tion by two males of /diocerus laminatus from their 
usual rate of producing four sounds in 6 seconds 
when isolated to joint production of five sounds in 6 
with consecutive sounds produced by alter- 
This high de- 


seconds, 
nate individuals in close proximity. 
gree of regular mutual responsiveness strongly sup- 
ports the ability of these species to perceive sounds, 
and should provide an approach to understanding the 
method of transmission and reception of these sounds. 

\pparently only adults produce sounds, sometimes 
only males, sometimes only females, sometimes both 
sexes, with the notable exception of the stridulating 
nymphs of reduviids and phymatids. Not all such 
nymphs stridulate, however. For instance, a late- 
instar nymph of Pselliopus cinctus (Fabricius) col- 
lected in Graham Co., N. C., 9 Sept. 1958, made the 
usual head and rostral movements associated with 
sound production upon disturbance, without produc- 
sounds. Examination revealed that this nymph 
has a prosternal file composed of very fine ridges, 
just as do the adults of this species. Not all adults 
produce disturbance sounds either, for six adults and 
one nymph of Pselliopus rufofasciatus (Champion), 
including both males and females, collected at Gue- 
latao, Oaxaca, México, elevation 1780 m., 2 April 
1959, could not be induced to stridulate even though 
disturbed repeatedly from time to time over a period 
of several weeks. Prosternal files were present on 
all of these individuals too, and upon disturbance they 
would sometimes move the head up and down and 
thus the labium back and forth with its tip apparently 
touching the prosternum; but no sounds were heard 
These observations suggest that per- 


ing 


at any time. 
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haps the apical labial scraper is not developed in 
Pselliopus, since the behavior pattern involved in 
sound production in other species is present. Cer- 
tainly, the two species tested did not produce dis- 
turbance sounds. First-instar nymphs of P. rufofas- 
ciatus also go through similar head bobbing motions 
when disturbed without producing sounds, and they 
too have prosternal files. 


PROCEDURE 


All of the noises described below are soft, proba- 
bly none of them exceeding 40 decibels (0.0002 micro- 
bar reference) at a distance of 2 inches, but all of 
them can be heard by an unaided, normal human ear. 
No actual measurements of sound-pressure levels 
have been made, but the relative intensities of the 
frequencies produced are indicated by darkness of the 
mark on the audiospectrographs. All of the magnetic 
tape recordings for this paper were made with a 
Magnemite Model 610E recorder or a Magnecord 
Model PT63A2HZ recorder with a Magnecord Model 
PT63-J amplifier in conjunction with an American 
Model D33-A microphone. Tape speed for all re- 
cordings was 15 inches per second. The audiospec- 
trographs were made with a Kay Electric Company 
Vibralyzer, with the signals fed into it by means of 
the Magnecord recorder and amplifier indicated 
above. The Vibralyzer settings for all of the analyses 
were Mark Level Gain 6.5 to 7.0, Wide Band Width, 
Shape Flat, and Pattern Normal (except for Oebalus 
pugnax, fig. 13, in which case Expanded Pattern 
was used). The Vibralyzer voltage unit level during 
both recording and analysis was maintained at the 
lowest level at which a suitable analysis could be 
made (usually below —1). For more information on 
the use of a Vibralyzer in the analysis of animal 
sounds see Borror and Reese (1953). 

In the following descriptions of calls and the cir- 
cumstances under which they were recorded, certain 
information is given in parentheses for each audio- 
spectrograph. First of all, the repository of the tape 
recording and its respective log number is indicated: 
UMMZ indicates the tape library of The University 
of Michigan Museum of Zoology, OSU A indicates 
the tape library of The Ohio State University De- 
partment of Zoology and Entomology and a recording 
made by Dr. Richard D. Alexander. The specimens 
which were recorded are designated by corresponding 
tape numbers. Following the comma after the tape 
number are three information involved in 
audiospectrographic analysis arranged in the follow- 
ing order: (1) the ratio of the tape speed during 
original recording to the tape speed of the Magne- 
cord during analysis (1/1 indicates the same speed 
—15 inches per second, 1/2 indicates that the Magne- 
cord operates at one-half the speed of the original 
—/7.5 inches per second), (2) the speed of the Vibra- 
lyzer recording disk while the signal to be analyzed 
is played onto it (HL indicates high gear and low 
motor speed, LH indicates low gear and high motor 


sets of 
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speed), and (3) the maximum deflection of the Vi- 
bralyzer’s voltage unit meter during analysis. 


HEMIPTERA 
REDUVIIDAE 

In all of the reduviids and phymatids observed, 
sounds are produced in a similar manner. The labial 
apex moves posteriorly over the prosternal file while 
the head moves downward to produce the first pulse. 
Apparently only this one downstroke is involved 
in the sounds of Piratinae, the upward stroke being 
silent. Other reduviids usually produce an additional 
pulse as the head moves upward and the apical labial 
scraper is dragged anteriorly over the file. In the 


Stenopodinae, disturbance sounds normally consist of 


three pulses: two downstrokes with an upstroke be- 
tween, the upstroke between phrases being silent. In 
general, longer phrases of sounds have faster pulse 
rates, and the more intense the stimulus the greater 
the length, and sometimes the intensity, of the sound 
response. 

The file and scraper structure appears quite similar 
in reduviids and phymatids. A male specimen of 
Arilus cristatus (Linnaeus) was treated with 10 per- 
cent potassium hydroxide and details of the labial 
apex and of the prosternal file were observed with 
transmitted light under a compound microscope. On 
each side of the apex of the labium three sclerotized 
knobs protrude slightly above the line of curvature 
of the rest of the apex. Each of these knobs is as 
wide as the file ridges in the central portion of the 
prosternal file. How many of these knobs contact the 
file during stridulation and how teeth are 
normally used in sound production are questions yet 


many 


to be answered. 

The number of teeth per file seems to vary from 
species to species, as does the number of teeth per 
unit space in the anterior, median, and posterior por- 
tions of the file. Assuming that each tooth-strike 
gives rise to a single burst of sound, I have estimated 
the number of teeth struck per phrase and the tooth- 
strike rate by counting pulses on the audiospectro- 
graphs. Variation in the number of teeth struck per 
phrase is indicated in the species accounts. My esti- 
mates indicate that ordinarily far fewer teeth are 
utilized in sound production than are present on the 
file, the maximum number of pulses per phrase fall- 
ing between one-twelfth and one-third of the esti- 
mated total number of teeth for all but one recording 
of one nymph of Sinea diadema, in which nearly all 
of the teeth must have been used. The total number 
of teeth per file was estimated by counting the number 
of teeth per set number of ocular micrometer units 
at a magnification of 150 diameters. It was impossible 
to count the total number of teeth directly because of 
difficulties encountered in manipulating specimens in 
alcohol using a binocular dissecting microscope at 
such high magnification. 

Analysis of a series of sounds produced by an adult 
male Arilus cristatus (Linnaeus), along with analysis 
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of a series of artificial sounds produced by scraping 
the file of this male at different speeds and contact 
pressures with a fine insect pin mounted in a wooden 
handle, suggests that the rise and fall of frequencies 
in a pulse, so common in the calls shown in figs. 
1-11 particularly, is probably not alone due to varia- 
tion in the speed of movement of the scraper upon the 
file. It appears likely that the labial scraper is usually 
in contact with the prosternal file at the beginning of 
pulses. A stridulatory stroke which starts on the file, 
reaches a maximum speed, and then slows to a stop 
in contact with the file, would produce an increase 
in pitch and a decrease in tooth-strike interval fol- 
lowed by a decrease in pitch and an increase in tooth- 
strike interval, assuming relatively uniform contact 
pressure. Corresponding variations in pitch and 
tooth-strike interval do appear on the audiospectro- 
graphs, and in artificial sounds. The artificial sounds 
show that a faster stridulatory stroke gives a higher 
band of frequencies than a slower one. However, 
in such complicated sounds as these, all of the possi- 
ble factors such as the effect of different contact 
pressures, of the resonant frequency of the labium, 
and of the resonant characteristics of the prothorax 
and body etc. are not subject to adequate analysis 
by simple means. 

The first 10 audiospectrographs are of disturbance 
All of these recordings were 
front of the 


sounds of Reduviidae. 
made by holding the 
microphone with forceps or fingers. Five subfamilies 
are represented by the seven species from as many 
genera: Stenopodinae (Stenopoda and Gnathobleda), 
Reduviinae (Reduvius), Piratinae (Melanolestes), 
Apiomerinae (Apiomerus), and  MHarpactorinae 
(Sinea and Repipta). 


individuals in 


Stenopoda cinera Laporte 

Figure 1 is an audiospectrograph of the disturbance 
sound of an adult male of S. cinerea collected in 
Collier Co., Fla., 10 June 1958, and recorded at 98 
F. (UMMZ Tape 261, 1/2 HL V-1). This male pro- 
duced 3-pulsed to 17-pulsed phrases delivered at a 
rate of about 15 pulses per second with a relatively 
intense band of frequencies between 2 and 4 kilo- 
cycles per (kcps). The interval between 
pulses and between phrases is highly irregular, with 
longer phrases having shorter intervals between 
pulses than the normal three-pulsed calls. The num- 
ber of tooth-strikes per pulse varies from 7 to 10 for 
the first downstroke, from 15 to 32 for upstrokes, 
and from 6 to 21 for the final downstroke in the 
three and partial fourth phrases illustrated. The 
tooth-strike rate for this series of calls is about 320 


sec¢ ynd 


per second. 

The prosternal file of this specimen is 1.91 mm 
long and its anterior portion has 14 ridges per 0.14 
mm., its median portion 9 per 0.14 mm., and _ its 
posterior portion 10 ridges per 0.14 mm. Taking the 
latter as a conservative average figure, the file is 
probably composed of at least 136 teeth. 

The species of both genera of Stenopodinae which 
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I have recorded produce disturbance sounds with 
the pulses grouped basically by threes. Longer, less 
interrupted phrases in which the pulses are nearly 
continuous have the pulses arranged in odd numbers, 
as each phrase begins and ends with a downstroke. 
The head is moved downward during the first pulse, 
upward during the second pulse, which is usually the 
longest and most intense pulse, and downward again 
during the third pulse in three-pulsed phrases. Up- 
ward head movements between normal three-pulsed 
calls are not accompanied by sound production. 

Another male of this same species was collected on 
Grand Isle, Jefferson Par., La., 5 June 1959, and 
recorded at 90° F. (UMMZ Tape 177). This male 
produced sounds with an intense band of frequencies 
extending from about 1.5 to 3.5 keps., with from 
3 to 11 pulses per phrase. The rate of pulse delivery 
for the 11-pulsed phrase is about 21 pulses per second, 
with a tooth-strike rate of 340 to 360 per second. 
The number of tooth-strikes in the downstrokes, ex- 
clusive of the last, varies from 12 to 19, from 16 
to 23 for the upstrokes, and the last downstroke 
contains 5. A few irregular calls containing only one 
to three tooth-strikes were recorded between normal 
disturbance phrases. 

Figure 2 is an audiospectrograph of the disturbance 
sound of an adult micropterous female of S. cinerea 
collected in Hardeman Co., Tenn., 31 May 1958, and 
recorded at 88° F. (UMMZ Tape 93, 1/2 HL V-1). 
The most intense frequencies in this call lie between 
2 and 4 keps., with the pulses again arranged basi- 
cally in threes as shown in the figures, although sev- 
eral of the phrases recorded consist of five pulses. 
The phrases figured were produced at a rate of 
about 4 per second with a pulse rate of about 20 per 
second and a tooth-strike rate of 300 to 360 teeth 
per second. Initial downstrokes contain from 5 to 
15 pulses, upstrokes from 14 to 19 pulses, and final 
downstrokes from an irregular, isolated set of 3, 
to 15 pulses. The measurements of length of file 
and of number of teeth per 0.14 mm. are the same 
as those given for the first male above. 


Gnathobleda litigiosa Stal 
Chis audiospectrograph, fig. 3, was made from the 
stridulations of an adult female of G. litigiosa col- 
lected in West Feliciana Par., La., 4 June 1958, and 


tape recorded at 87° F. (UMMZ Tape 155, 1/2 
HL V-0.5). The most intense bands of frequencies 
fall at about 1.5 and 3 keps., with the pulses again 
arranged in threes or occurring in odd numbers in 
longer phrases. All but two of the phrases recorded 
are three-pulsed, and both of these are five-pulsed. 
Both of the phrases illustrated are three-pulsed, with 
the number of tooth-strikes in the initial downstroke 
ranging from 9 in the first call to 18 in the second, 
the number in the upstroke ranging from 12 in the 
first to 32 in the second, and the number in the final 
downstroke ranging from 6 in the first call to 30 
in the second call. Tooth-strike rate is estimated to 
be about 300 per second. 
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The prosternal file of this female measures 0.68 
mm. in length and its anterior portion bears 25 teeth 
per 0.14 mm., its median region 18 teeth, and its 
posterior portion 16 teeth per 0.14 mm. Assuming 
an average of 19 teeth per 0.14 mm., the estimated 
total number of teeth would be 91. 


Reduvius personatus (Linnaeus ) 


Figure 4 is an audiospectrograph of nine phrases 
of Reduvius personatus produced by an adult female 
Washtenaw Co., Mich., 19 March 1958, re- 
corded at 76° F. (UMMZ Tape 45, 1/2 HL V-1). 
These phrases are produced at a rate of about 10 
per second and contain a bread band of frequencies 
of from about 1 to 9 keps., with the more intense 
frequencies lying between 2 and 6 kcps. Recorded 
calls are all grouped in units of from 4 to 40 phrases, 
each phrase consisting of two pulses: the first pro- 
duced by the initial downstroke of the head followed 
by a pulse produced as the head is raised. In this 
species the initial pulse (downstroke) is shorter in 
duration, lower in intensity, and contains a narrower 
band of frequencies than the second pulse (up- 
stroke). In all of the other two-pulsed reduviids the 
first pulse is either of greater length and intensity 
than the second, or at least equal to it in these 
characteristics. Number of tooth-strikes per pulse 
varies from 6 to 9 for downstrokes and f 


from 


from 7 
to 14 for upstrokes, with an estimated tooth-strike 
rate of 350 per second. 

This female has a file 1.38 mm. long bearing 20 
teeth per 0.14 mm. at its anterior end and in the 
median region, and 18 teeth per 0.14 mm. in the 
posterior portion. Assuming an average of 19 teeth 
per 0.14 mm., the estimated total number of teeth in 
the file is 186. 

Schneider (1950) 250 Hz. 
second] as the optimal frequency perceived by Redu- 
vius personatus, without giving the temperature at 
which the determination was made. This figure is 
far below the frequencies at which the call is pitched 
at room temperature (76° F.), but not too far from 
the estimated tooth-strike rate of 350 per second, 
suggesting that rhythm of tooth-strike or pulse repeti- 
tion, and not frequency, is most important in carry- 
ing information, as long as the frequencies produced 
are withia a range to which the bug can respond. No 
one has tested these animals with similar pulses ar- 


gives [cycles per 


ranged in phrases or programs of phrases corre- 
sponding to the manner in which they are produced 


by the insects. 


Melanolestes picipes ( Herrich-Schaeffer ) 

An audiospectrograph of five pulses of an adult 
micropterous female of M. picipes is shown in fig. 
5 (OSU Tape A 71, 1/2 HL V-1.5), recorded at 
room temperature (75°-80° F.) from a specimen 
collected in Franklin Co., Ohio, May 1955. These 
are all single-pulsed sounds consisting of a fairly 
narrow band of frequencies around three kcps., with 
the number of tooth-strikes per pulse ranging from 
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Fics. 1-6.—Audiospectographs of disturbance calls of Hemiptera. Explanations in text. 
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20 to 34. The number of pulses per phrase in this 
recording ranges from 1 to 31, and the number of 
pulses produced per second is quite variable, ranging 
from one to nine with several produced at a rate of 
five per second. Tooth-strike rate is estimated to be 
about 360 to 380 per second. 

The prosternal file of this specimen is 1.98 mm. 
long and has 16 teeth per 0.14 mm. at its anterior 
end, and 12 teeth per 0.14 mm. in both the middle 
and posterior regions. If one assumes a conservative 
average of 12 teeth per 0.14 mm., then the file must 
be composed of at least 169 teeth: 

Outside of the Stenopodinae indicated above, this 
is the only species of Reduviidae that I have heard 
which does not have a basically two-pulsed call. It 
will be interesting to learn whether or not other 
Piratinae, such as Rasahus and Sirthenea, produce 
similarly s'ngle-pulsed sounds. Judging by the length 
of labium, the normal position in which the labium 
is carried, and the relatively long interval between 
calls, it would appear that these disturbance sounds 
ot Melanolestes picipes are produced on the down- 
stroke of the head only. 


Apiomerus crassipes (Fabricius ) 


The audiospectrograph in fig. 6 shows six com- 
plete phrases and parts of two others at the beginning 
and end of the graph. These calls were produced by 
an adult female of A. crassipes collected in Hocking 
Co., Ohio, 9 June 1955, and recorded at room tem- 
perature (75°-80° F.) in a laboratory (OSU Tape 
A 104, 1/2 HL V-1.8). The pulses contain a com- 
paratively narrow band of relatively intense fre- 
quencies between 2 and 3 kcps. The number of 
phrases per group varies from 1 to 22, with pulses 
in longer groups delivered at a rate of about six 
to seven per second. These are again two-pulsed calls, 
but unlike the case in Reduvius personatus, these calls 
have the initial pulse (downstroke) of greater dura- 
tion and intensity than the second one (upstroke). 
In these six complete phrases the number of tooth- 
strikes per downstroke from 19 to 33, and 
the number per upstroke varies from 15 to 18, with 
a tooth-strike rate estimated at about 300 teeth per 
second. 

File length for this specimen is 1.3 mm., and I 
counted 21, 19, and 17 teeth per 0.14 mm., respec- 
tively, for the anterior, median, and posterior por- 
tions of the file. Assuming an average of 19 teeth 
per 0.14 mm., the file would be composed of about 
177 teeth. 

The disturbance sounds of this species are very 
similar to those produced by various Harpactorinae. 


varies 


Sinea diadema (Fabricius ) 

Figs. 7 to 9 are audiospectrographs of calls of 
S. diadema. Fig. 7 shows four complete phrases 
and the terminal pulse of a fifth phrase at the be- 
the graph. These disturbance sounds 
were recorded at 72° F. from an adult female col- 
lected in Chippewa Co., Mich., 11 August 1957 


ginning of 
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(UMMZ Tape 35, 1/2 HL V-0.3). These two-pulsed 
phrases contain a pair of relatively intense frequency 
bands at 2 and at 3.5 keps., and the phrases are pro- 
duced at a rate of about four per second, 6 to 12 
phrases in a group. The initial pulse is produced 
by the downstroke and is sometimes more intense 
than the second, although the second pulse is usually 
of longer duration. The number of tooth-strikes per 
initial pulse varies in these four phrases from 21 
to 27, while the number of tooth-strikes per second 
pulse is greater in every case than in the correspond- 
ing initial pulse and varies from 24 to 30. The esti- 
mated tooth-strike rate is 260 per second. 

The file of this female is 0.68 mm. long, and the 
number of teeth counted is 28 anteriorly, 26 medially, 
and 24 posteriorly, per 0.14 mm. Assuming an aver- 
age of 26 per 0.14 mm., it would seem that the file 
contains about 120 teeth. 

Fig. 8 portrays five double-pulsed phrases and 
two single tooth-strike pulses recorded at 84° F. 
from a last-instar nymph collected in Graham Co., 
N. C., 9 September 1958 (UMMZ Tape 429, 1/2 
HL V-1). There are four relatively intense fre- 
quency bands in these calls at 2.0, 2.8, 3.6, and 4.8 
keps. In this recording the phrases are produced 
at a rate of six to seven per second and are grouped 
into units of from one to eight phrases. In some of 
the calls the initial pulse is more intense, in some the 
second pulse is more intense, and in others the pulses 
seem to be of approximately equal intensity. The 
number of tooth-strikes per initial pulse varies from 
12 to 18, while the number per second pulse varies 
from 9 to 22. Tooth-strike rate is estimated at 240 
teeth per second. 

The file of this nymph measures slightly longer 
than that of the female given above, 0.73 mm., and 
the number of teeth counted per 0.14 mm. in the 
median and posterior portions of the file is 24. I 
was unable to count the teeth in the anterior por- 
tion of the file. Assuming an average of 24 teeth 
per 0.14 mm. (in all the specimens counted the 
anterior portion contained more teeth per unit than 
the median and posterior regions), the total number 
of teeth is estimated to be about 125, which is five 
more teeth than estimated for the adult female. 

Fig. 9 shows two calls of two pulses each recorded 
at 61° F. from a first-instar nymph from Livingston 
Co., Mich., 12 July 1958 (UMMZ Tape 340, 1/2 
HL V-0.3). These phrases are produced at a rate 
of from two to seven per second in groups of five 
or six phrases each. Each pulse contains a fairly 
narrow band of frequencies around 3 keps., and 
another less intense band at about 1.5 keps. Tooth- 
strikes per pulse ranged from 60 to 80 for initial 
downstrokes and from 52 to 62 for upstrokes in the 
two phrases analyzed, with an estimated tooth-strike 
rate of 300 to 380 teeth per second. It is evident that 
this nymph produces longer pulses, containing a 
greater number of tooth-strikes, than either of the 
above specimens, and in addition, the intervals be- 
tween pulses and phrases is greater than in those 
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Fics. 7-11—Audiospectographs of disturbance calls of Hemiptera. Explanations in text. 


above. During the night following its collection this region of the file of this specimen, but the prosternal 
specimen died without completing a molt, so no __ file region is 0.52 mm. long, and, as one pulse con- 
comparative recordings at other temperatures or at tains 80 tooth-strikes, I would expect to find at least 
subsequent developmental stages could be made. 80 teeth in the file. This would mean an average 


I was unable to count the number of teeth in anv of about 22 teeth per 0.14 mm. which would not be 
5 I 
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out of line with the assumed averages of 26 and 
24 for the adult and last-instar nymph above; how- 
ever, no other calls analyzed used such a large 
percentage of the file teeth. 


Repipta taurus (Fabricius) 


Figure 10 is an audiospectrograph of several 
stridulations of R. taurus recorded at 94° F. from an 
adult male collected in Collier Co., Fla., 11 June 1958 
(UMMZ Tape 259, 1/2 HL V-1). These calls con- 
tain three main bands of frequencies at about 1.5, 
2.5, and 3.5 keps. The phrases are two-pulsed and 
are produced at a rate of about eight per second, in 
groups of from two to eight phrases. In the three 
calls that can be counted the number of tooth-strikes 
per downstroke varies from 14 to 19, and the number 
per upstroke varies from 9 to 11. Tooth-strike rate 
is estimated at about 300 teeth per second. 

[ counted 18 teeth per 0.14 mm. in the median por- 
tion of the file, whose total length measured 0.83 mm. 
\ssuming this to be an average figure (as I was 
unable to count the teeth in any other portion), 
the file probably contains about 106 teeth. 

,oth genera of Harpactorinae described above have 
two-pulsed phrases in which either the first pulse is 
of greater intensity than the second or else both are 
of approximately the intensity. Groups of 
phrases contain an even number of pulses, unlike 
the Stenopodinae discussed earlier, and unlike the 


same 


Piratinae whose groups are sometimes of even and 
sometimes of an uneven number of pulses while their 
single calls are always single-pulsed. Recent record- 
ings of Sinea spinipes (Herrich-Schaeffer), Zelus 
socius (Uhler), and Arilus cristatus (Linnaeus) bear 
out these generalizations. 


PHY MATIDAE 
Phymata wolffii Stal 


Three two-pulsed phrases of P. wolffii are shown 
in fig. 11. These were recorded at 78° F. as 
duced by an adult male collected in Washtenaw Co., 
Mich., 28 August 1958 (UMMZ Tape 362, 1/2 HL 
\V-3). These pulses contain three bands of relatively 
intense frequencies at about 2, 3, and 4 keps., and 
are produced at a rate of about eight pulses per 
second, in groups of from one to three phrases. The 
two marks at the beginning of the audiospectro- 
graph are from the noise produced when the tarsal 
claws of this bug grasped the silken cover of the 
microphone head. The number of tooth-strikes per 
initial pulse (downstroke ) from 16 to 34 
and from 23 to 31 per upstroke in the three calls 
analyzed, with an estimated tooth-strike rate of 280 
to 300 teeth per second. These pulses seem to be of 
about equal intensity, with the initial pulse of a 
phrase usually shorter but sometimes longer than the 


pro- 


varies 


second. 


30th ~Phymata wolfii Stal, 1876, and P. pennsylvanica 
Handlirsch, 1897, are names that have been applied to this species 
by recent workers. I am using wolffii because it has priority and 
because there is no evidence that it does not apply to this common 
northeastern species which has long fourth antennal segments 
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The prosternal file of this specimen measures 0.73 
mm. in length, and I counted 22 teeth per 0.14 mm. 
in the anterior and median portions of the file and 
24 teeth per 0.14 mm. in the posterior portion of 
the file. Assuming an average of 22 teeth per 0.14 
mm., the file probably contains at least 114 teeth. 


CyDNIDAE 
Corimelaena lateralis (Fabricius) 


Figure 12 is an audiospectrograph of nine pulses 
of a species of Corimelaena, probably lateralis (Fab- 
ricius) judging from the locality and situation in 
which the specimens were collected, although no 
specimens can be located to verify the identification. 
They were collected in Cedar Swamp, Champaign 
Co., Ohio, on an unknown date by Richard D. 
Alexander, and recorded later in the laboratory at 
room temperature (about 75°-80° F) while held in 
front of the microphone with forceps (OSU Tape 
A 103, 1/2 HL V-2). These were all single-pulsed 
calls pitched at about 3 keps., produced at a rate 
of about nine pulses per second, and grouped in ir- 
regular units of from 1 to 25 pulses. The number 
of tooth-strikes per pulse varied from 10 to 17 
in the nine analyzed, and tooth-strike rate was esti- 
mated to be about 320 teeth per second. 

As described by Leston (1957), the file is on meta- 
thoracic wing vein IV and the scraper is on abdomi- 
nal tergum I. These are paired structures, and from 
the graphs it would seem either that they are as 
well synchronized as the timbals of cicadas, or else 
only one functions at a time. The mechanism of 
stridulation and whether one or both files are struck 
at the same time are questions that are yet to be 
resolved. No has any function for 
these sounds, although it is evident from our re- 
cordings that presence of more than one individual 
stimulates sound production, while an isolated in- 
dividual may go for relatively long periods without 
producing sounds. I found while recording an un- 
identified species of Corimelaena collected in a 
meadow at Llano de las Flores, Mexico, 
elevation 2870 m., 2 April 1959, that the presence 
of a nonnoise-making pentatomid would disturb a 
single individual into sound production, though it 
made no noise over a several-minute period while 
completely isolated from other animals in a_ vial. 
The same was true for several specimens of Galgupha 
ovalis Hussey collected and recorded in Randolph 
Co., Ark., 16 May 1959, in that single individuals 
made no noise or many fewer calls than did groups 
of individuals caged on grass in a glass vial. In the 
latter recordings there seemed to be no structural 
difference between disturbance sounds and common 
sounds, except for the greater regularity of sound 
production in the case of the common sounds. 


one observed 


Oaxaca, 


PENTATOMIDAE 
Oebalus pugnax (Fabricius ) 


Pentatomidae of the subfamily Pentatominae pro- 
duce sounds in an unknown manner. The sounds in 
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Fics. 12-17—Audiospectrographs of calls of Hemiptera and Homoptera. Explanations in text. 
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fig. 13 were recorded at 80° F. from several adult 
specimens representing both sexes of Oebalus pug- 
nax. They were placed in a feltlined glass vial with 
some of the grass from which they were swept in 
Shelby Co., Tenn., 12 September 1958 (UMMZ Tape 
459, 1/1 HL [Expanded Pattern]. V-2.3). These calls 
contain frequencies extending from about 0.25 to 1.5 
keps., and each sound consists of a single pulse. From 
one to several pulses are combined in irregular 
groups, with a pulse rate of about 50 per second. 

Oebalus is discussed here among stridulating forms 
because its nearest relatives for which the method of 
sound production is known, the Tessaratomidae, 
Scutelleridae, and Cydnidae, are stridulators. How- 
ever, the structure of these sounds is similar 
to those timbals in certain of the 
auchenorrhynchous Homoptera. 


very 
produced by 


CoRIXIDAE 


Hesperocorixa atopodonta (Hungerford) 


Figure 14 portrays two types of noises made by 
Corixidae kept in the laboratory. The first three 
marks on the audiospectrograph are from the noise 
made when the head is bumped against the glass 
container, while the remaining marks represent the 
noises made by an adult male of H. atopodonta in a 
dish with three The calls consist of from 
one to several pulses irregularly grouped into units 
of from 1 to 13 or more, lasting up to 4 seconds, 
at a frequency of about 8 kcps. These specimens 
were collected 13 March 1959 from Fleming Creek 
in Washtenaw Co. ,Mich., and recorded later in the 
laboratory at 68° F. (UMMZ tape 513, 1/2 HL 
V-2). They were caged in water in a fingerbowl 
and the microphone was covered with a fish bladder 
and had its head submerged in the water of the 
The corixids were swimming about and 


females. 


fingerbowl. 
stridulating near submerged vegetation in the stream 
when collected. Pulse rate is estimated to be about 
200 per second. 

The only activity observed which appeared to be 
correlated with the rhythm of the sounds produced 
was the rubbing of the hind tibiae and tarsi above 
the back of the male. Close proximity of females or 
other males did not noticeably affect sound produc- 
tion. Individuals would stop swimming, anchor to 
an object in the water such as a piece of aquatic 
plant, and then produce this shuffling noise. The 
tibiae and tarsi of opposite sides were shuffled back 
and forth in contact with each other and with the 
elytra during sound production. The fore 
apparently were not involved in production of the 
recorded sound, although they are involved in the 
most common method of sound production reported 
for corixids Mitis 1935). Hungerford (1920) 
has described the sound produced by Palmacorixa 
buenoi Abbott, stating that it sounds like the chirp- 
“distant crickets, save that the chirps came 
Leston (1955) also gives verbal 


femora 


(von 


ing of 
forth in couplets.” 
descriptions of sounds produced by several corixid 
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species. In another paper, Hungerford (1924) has 
described the two sounds produced by males of the 
notonectid Buenoa limnocastoris Hungerford during 
courtship, although the function of these sounds 
was not determined. 

Another representing another genus of 
Corixinae, Sigara (V.) grossolineata Hungerford, 
was collected at the same time as H. atopodonta and 
similar noises, produced in a similar manner and un- 
were recorded. 


species 


der similar circumstances, 


HOMOPTERA 


The remaining sounds to be discussed are all pro- 
duced by Homoptera and result from the vibration 
of tergal abdominal timbals. All of the noises re- 
ported here are produced by groups of adult females 
with males on a portion of their host plant in a vial, 
except for the disturbance calls of Lepyronia quad- 
rangularis. I have heard only female spittlebugs 
produce noises, although I have often isolated males 
of the species recorded and listened to them from time 
to time over a period of several hours. Isolated fe- 
male spittlebugs readily call in the same manner as 
they do when grouped together with males and other 
females on their host plant but they usually call less 
often. Ossiannilsson (1949) describes calls produced 
by both males and females of spittlebugs and leaf- 
hoppers and gives details of the structure of the 
sound-producing organs of the Auchenorrhyncha. 


CERCOPIDAE 
Aphrophora saratogensis (itch ) 


Figures 15 and 16 show a series of pulses from 
different parts of the same tape recording. These 
adult females were collected on pine in Jefferson 
Co., Ala., 10 September 1958, and were recorded at 
86° F. in a vial also containing adult males and 
pine needles (UMMZ Tape 439, 1/2 LH V-0.3 and 
V-0.5). The most intense band of frequencies centers 
around 1 keps. A call consists of from one to several 
pulses arranged in irregular trills of varying length, 
sometimes lasting 30 Timbal- 
vibration rate varies from about 20 to 40 per second. 

It seems likely that more than one species is 
involved in what we now call saratogensis, but so 
far no one has established an adequate morphologi- 
cal or biological basis for species discrimination. 
The best step in this direction is the establishment 
by H. G. Ewan (personal communication) that sara- 
togensis undergoes an obligatory egg diapause which 
is normally broken by prolonged exposure to low 
winter temperatures in northern Wisconsin and 
Michigan. It is not likely that the insects currently 
designated by the same name from Florida, Missis- 
sippi, Georgia, and Alabama undergo a similar dia- 
pause in the egg Preliminary 
recordings of saratogensis from northern Michigan 
further supports the hypothesis that more than one 
species is involved here. 


seconds or more. 


stage. analysis of 
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Aphrophora parallela (Say) 


The spunds of A. parallela (fig. 17) contain a 
fairly narrow band of frequencies around 2.5 kcps., 
with a timbal-vibration rate of about 80 per second. 
The phrases vary in length from 2 to 9 or 10 timbal- 
vibrations and the phrases are arranged in groups 
lasting up to 4 or 5 seconds. The recording was 
made at 61° F. from several females on White Pine 
needles inside a glass vial. They were collected in 
Chippewa Co., Mich., 30 July 1957 (UMMZ Tape 
21, 1/2 LH V-0). Isolated females call much less 
often than when two to several females are caged 
together. The calling of one individual seems to 
stimulate calling of others. 


Lepyronia quadrangularis (Say ) 


Figure 18 shows ten disturbance sounds produced 
by an adult female of L. quadrangularis held in front 
of the microphone with forceps. The specimen was 
collected in Franklin Co., Ohio, 21 September 1954, 
and recorded in the laboratory at 80° F. (OSU Tape 
A 70, 1/2 HL V-2.8). These pulses consist of about 
6 timbal-vibrations produced at a rate of approxi- 
mately 200 per second, and the pulses are emitted at 
an irregular rate of up to about 15 per second. Pulses 
are produced singly and in trills of up to nine on this 
tape, with the most intense band of frequencies be- 


2 and 5 keps. 


tween < 
Clastoptera obtusa (Say) 

Che pulses of C. obtusa, fig. 19, contain from one 
to five timbal-vibrations, usually three, and are pro- 
or grouped in trills lasting up to 3 
In trills of several pulses, the 


duced singly 
seconds or more. 
pulses are produced at an uneven rate of about 10 
with a timbal-vibration rate of 
around 100 per second. The pitch of these calls is 
around 1.5 keps. The specimens were collected in 
Chippewa Co., Mich., 30 July 1957, and were re- 
corded in a vial containing part of the host plant, 
White Birch, at 61° F. (UMMZ Tape 22, 1/2 HL 
V-2). The pulses analyzed were produced by one 
or two females sitting closer to the microphone than 


or 12 per second 


the others in the vial. 


Clastoptera xanthocephala Germar 
Figure 20 was made from calls produced by speci- 
mens collected in Orange Co., Fla., 15 June 1958, 
in a weedy city lot, and recorded at 82° F. in a vial 
containing some grass stems (UMMZ Tape 294, 1/1 
HL V-2). These pulses contain a fairly wide band 
of frequencies with the most intense band at about 
1.5 keps. Each pulse of C. xanthocephala consists of 
from one to five timbal-vibrations, usually two or 
three, with a timbal-vibration rate of approximately 
100 per Programs consist of single pulses 

to irregular phrases lasting a second or more. 


second. 


Clastoptera saint-cyri Germar 
The specimens of C. saint-cyri from which the 
audiospectrograph in fig. 21 was made were recorded 
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at 61° F. in Chippewa Co., Mich., 30 July 1957, 
several individuals in a glass vial along with a por- 
tion of their host plant, Bearberry (UMMZ Tape 23, 
1/1 HL V-1.5). Pulses consist of from one to five 
timbal-vibrations, usually three, and are produced 
in groups of from two pulses to series of pulses last- 
ing up to 1.5 seconds on the tapes analyzed. Pulses 
are repeated in longer phrases at a rate of about 
14 to 16 per second, have a timbal-vibration rate of 
approximately 150 per second, and have a frequency 
of about 1.8 keps. 


Clastoptera juniperina Ball 

Figure 22 shows 13 pulses of C. juniperina re- 
corded at 72° F. The specimens were collected from 
a cultivated specimen of a western species of Juni- 
perus in Washtenaw Co., Mich., 6 June 1957, and 
recorded in a glass vial containing several individuals 
and some of the host plant (UMMZ Tape 8, 1/2 
HL V-1.5). C. juniperina produces rather regular 
pulses of two to four timbal-vibrations each at a 
rate of 10 to 13 pulses per second, each composed of 
two bands of relatively intense frequencies at 2 and 
at 3 keps. Timbal-vibrations are produced at a rate 
of about 150 per second. All of the phrases on this 
tape were from 2 to 4 seconds in duration. In general, 
pulses follow one another more rapidly at the be- 
ginning of a phrase than at the end. 

One 2.9-second phrase of 31 pulses was analyzed in 
detail audiospectrographically. Pulses were produced 
somewhat irregularly, faster at the start, then more 
slowly, then slightly faster, followed by diminished 
speed to the end. Intervals between pulses varied 
from 0.075 seconds at the beginning of the phrase 
to 0.09 and 0.1 seconds in the middle to 0.12 seconds 
at the end. 


Clastoptera proteus (Fitch) 

The sounds analyzed in fig. 23 were recorded at 
84° F. from several specimens of C. proteus caged 
in a glass vial along with a portion of the Dogwood 
on which they were collected in Washtenaw Co., 
Mich., 14 July 1957 (UMMZ Tape 12, 1/2 HL V-1). 
These pulses contain from one to four timbal-vibra- 
tions, usually four, produced at a rate of about 200 
per second. Pulses are produced at a rate of from 
12 to 16 per second. The pitch of these sounds is 
very similar to those of juniperina, but the calls of 
proteus have a more uniform spread between 1 and 
4 keps. Phrases consist of from single pulses to trills 
lasting up to 3.5 seconds in the recordings. 


Clastoptera undulata Uhler 

Figure 24 is combined from two different audio- 
spectrographs showing the two different kinds of 
sounds recorded from C. undulata. The left portion 
of the figure shows the sound homologous to the 
others portrayed for this genus: produced by females 
when several individuals are caged together on a 
portion of the host plant. On the right is a portion of 


a more musical note with a narrower band of fre- 
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quencies, which was produced several times in a 
3.5 second period during the 2.5 minute recording, 
and was heard several other times during the 15- 
or 20-minute period in which their noises were moni- 
tored. These specimens were collected on Casuarina 
at Ciudad Aleman, Ver., México, 5 April 1959, 
and recorded at 74° F. (UMMZ Tape 546, 1/1 HL 
V+3 and V—3). 

In the less musical portion on the left, the pulses 
contain from one to six timbal-vibrations, with the 
most intense bands of frequencies at 0.8, 1.2, and 2.8 
kcps. These pulses are grouped irregularly in trills 
of from 1 to 10 pulses produced at a rate of 6 to 8 
pulses per second. Timbal-vibration rate is 
mated to be about 80 per second. 

The more musical portion to the right may repre- 
sent flight noises or noises produced by the wings, 
or perhaps contraction of the flight muscles without 
locomotion. I cannot be certain, as I could not see 
the individual or individuals producing this noise; 
however, all of the recorded noises produced by 
Clastoptera juniperina, proteus, and xanthocephala 
when I knew they were in flight or taking flight 
have a much broader band of frequencies than their 
common sounds, with the most intense frequencies 
well below those of their common sounds. The most 
intense frequencies in this sound lie between 1.0 and 
1.5 keps, and a second, less intense band of fre- 
quencies occurs between 0.5 and 1.0 keps. and drops 
in pitch just as the higher band does. The longest 
phrase recorded of this musical note lasts nearly 2 
seconds, and other shorter phrases occur 
during a 3.5-second portion of the recording. Ex- 
cept for the absence of frequencies above 2 kcps., for 
the drop in pitch of the longer phrase, and for the 
longer duration of the signal, this noise seems very 
similar in structure to the common sound analyzed. 
The tape indicated above for xranthocephala has two 
short phrases of what sounds like a similar noise, 
but there is too much background noise in that section 
of the tape for adequate analysis. 


esti- 


several 


Aeneolamia postica (Walker) 

Several males and females were collected on low 
roadside grasses along a very small stream at the 
margin of a lime orchard in Ciudad Aleman, Ver., 
México, 5 April 1959, and recorded in a glass vial 
with some of the grass at 74° F. (UMMZ Tape 
545, 1/1 HL V-1). these 
shown in fig. 25. These pulses consist of from one 
to three timbal-vibrations produced at an estimated 
rate of 100 per second, at a pitch of about 1 keps. 
Pulses are repeated irregularly at a rate of about 
20 per second in groups of from one call to trills 


Several of sounds are 


lasting 10 seconds or more. 

The three subfamilies of Cercopidae are represented 
in the graphs presented above. Aphrophora and 
Lepyronia belong to the Aphrophorinae, Clastoptera 
is the type genus of the Clastopterinae, and Aeneo- 
lamia belongs to the Cercopinae. These calls have 


several features in common. Pulses are all produced 
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irregularly, and species with several timbal-vibrations 
per call apparently have a timbal-vibration rate be- 
tween 100 and 200 pulses per second. Three types 
of noises, disturbance sounds and two others which 
are classed as common sounds, have been recorded, 
but no functional significance has been established 
for any of them. 


CICADELLIDAE 


Empoa casta (McAtee) 


I have recorded noises produced by only this one 
leafhopper, collected on White Oak in Washtenaw 
Co., Mich., 7 June 1957 (UMMZ Tape 10, 1/1 LH 
V-1). Several individuals of both sexes were placed 
in a glass vial containing portions of White Oak 
leaves and recorded at 83° F. The large number of 
marks on the graph at 1 second represent the noise 
made during a short burst of flight. The pulses of 
the common call are represented by just a few 
marks centering around 0.5 keps. and consisting of 
from one to three timbal-vibrations each at a timbal- 
vibration rate of about 40 per second. The 
amount of background represented by the 
rather regular short marks at the bottom of the 
audiospectrograph, prevents adequate analysis of the 
recording. These are very low-intensity sounds, pro- 
duced at a very irregular rate. 


great 


noise, 


FULGORIDAE 
Ormenaria rufifascia (Walker) 

Figure 27 is an audiospectrograph of the only calls 
of Fulgoridae that I have recorded. Several speci- 
mens of both sexes were collected on Palmetto in 
Dade Co., Fla., 12 June 1958, placed in a glass vial 
with a portion of the host plant, and recorded at 83 
F. (UMMZ Tape 285, 1/2 HL V-2). This appears 
to be Ormenaria rufifascia (Walker), described from 
Florida, based on the description and keys and host 
plants given by Metcalf and Bruner (1948). 

The common sound of this species appears to con- 
tain from one to four timbal-vibrations produced at 
a rate of about 200 per second, and the pulses are 
produced at an irregular rate of about 27 per second 
based on the one recorded call. The pitch of these 
pulses is approximately 3 keps. The marks on the 
graph at 2 keps. and below probably represent back- 
ground noise resulting from specimens walking on the 
silken protective material of the microphone head 


MEMBRACIDAE 
Anisostylus elongatus (Fowler) 

Only one species of treehopper has been recorded 
and analyzed. Several specimens of both sexes of 
Anisostylus eclongatus (Fowler) were collected on 
five-needled pine at Llano de las Flores, Oaxaca, 
México, 3 June 1959, elevation 2870 m., and recorded 
ate 90°F. 
needles 


in a glass vial also containing several 
(UMMZ Tape 535, 1/2 HL VWV-1.5). 
The call analyzed, (fig. 28) contains 70 timbal-vi- 
brations delivered at a rate of 260 per second at a 


pine 
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TIME 


Fics. 24-28—Audiospectrographs of calls of Homoptera. 


pitch of about 3 keps., with a second band of less 
intense frequencies around 1.5 keps. This pulse is 
0.27 seconds long and rises slightly in pitch for 
about 0.2 seconds and then drops both in pitch 
and in intensity. There is one two-vibration pulse 
at a pitch of about 1.5 kcps. preceding the longer one, 
and two or three single-vibration pulses with fre- 
quencies extending from 1.5 to 4 keps. following it. 
As with the similar-sounding calls produced by 
Clastoptera undulata and sxanthocephala discussed 
above, it is possible that this noise is associated 
with nonlocomotory flight activity; however, all re- 
corded flight noises of other Homoptera contain a 
much wider band of frequencies, with the most in- 
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IN SECONDS 


Explanations in text. 


tense bands below 500 cps. Also, no homopterous 
flight sounds analyzed have contained so high a vi- 
bration rate. 

The tape recording is 1 minute long and contains 
10 pulses: 2 isolated pulses and 8 pulses grouped in 
pairs with two individuals involved, one starting 
its pulses shortly after the other finishes, as if in re- 


sponse. 
DISCUSSION 


All of the Reduviidae recorded at 80°-90° F. pro- 
duced disturbance sounds with the most intense fre- 
quencies between | and 6 keps., having a tooth-strike 
rate between 300 and 400 per second, and a pulse 
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rate between 10 and 20 pulses per second. Melano- 
lestes picipes has a pulse rate of only five per second 
with only a single-pulsed call. Doubling the number 
of pulses by producing a pulse as the head is raised, 
which this species apparently does not do, would 
give a pulse rate of 10 per second without increasing 
the rate of head movement. 

The two species recorded and analyzed which are 
most likely to be found occurring together are 
Melanolestes picipes and Reduvius personatus. M. 
picipes is a ground-dwelling species often associated 
with cultivated areas, while R. personatus is often 


associated with human habitations. Both of these 


species are active in early spring, flying to lights, 


mating, dispersing, and laying eggs. The _ tooth- 
strike rates of these two species, recorded at nearly 
the same temperature, are about the same and the 
pitch of the call of pictpes lies about midway in the 
range of frequencies produced by personatus. These 
calls differ in that personatus produces about four 
times as many pulses per second as does pictpes, 
and picipes has about three times as many tooth- 
strikes per pulse as personatus. 

While the stridulating species discussed all have 
rather regular disturbance sounds, the calls of the 
timbal-vibrating species are much more irregular. 
For instance, representatives of the three subfamilies 
of spittlebugs, recorded between 60° and 80° F., pro- 

noises containing timbal-vibration rates of 
from 20 to 200 second at a rate of 6 to 20 
phrases per second in groups of from one timbal- 
vibration to irregular trills lasting up to several 
seconds. These calls consist of an irregular number 
of timbal-vibrations in some species, and of a rather 
regular number (from two to four) in others, while 
intense frequencies occur between 1 and 4 keps. Three 
of the timbal-vibrators treated occur in the same 
sound environment—that is, they occur on the same 
parts of the same plants at the same time of the 
year in the same areas and are producing noises at 
these times. These three species all belong to the same 
genus: Clastoptera obtusa, C. saint-cyri, and C. pro- 
teus. All occur in northeastern North America and 
often occur together in environments where alder, 
birch, blueberry, bearberry, and wild grape occur. 
I have taken all three within a few yards of each 
other, and have collected the three possible combina- 
tions of two species together on single shrubs, al- 
though I have never taken all three from the same 
plant. All of the call characteristics overlap broadly 
for these three species, except for timbal-vibration’ 
rate, which, at 61° F., is 100 per second for obtusa 
and 150 per second for saint-cyri, and at 84° F. is 
200 per second for proteus. C. proteus also normally 
produces a four-pulsed phrase while both saint-cyri 
and obtusa usually produce three-pulsed phrases. 

So far nothing has been said about the function of 
these sounds, and we really have only a few clues. 
We can get some indication of function from observ- 
ing the situations in which different sounds are pro- 
(1949, 1953) has shown that 


duced 
per 


duced. Ossiannilsson 
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receptive females of certain leafhoppers produce regu- 
lar calls during precopulatory maneuvers, while ap- 
proaching males produce a more irregular call at the 
same time. Females not producing this call usually 
avoid copulation by moving away from the male, by 
pushing the male away with their legs, or by flipping 
their wings. Males of these species produce many 
more calls in the than when 
isolated with other males. states that 
receptive females of most Reduviidae stridulate when 
grasped by a courting male, and some females con- 
tinue to stridulate during copulation. Males usually 
approach females from behind and grasp or mount 
them immediately upon contact in a manner ap- 
parently identical to the capture of prey, except that 
copulation is not accompanied by feeding. It seems 
likely that the sounds produced by females in these 
situations are part of a courtship pattern which may 
indicate species recognition as well as sexual response 
information. No function has been 
sounds produced in disturbance situations. 
their low 
that these sounds are close-range signaling devices. 
As with other insects and with frogs, the structure 
of the sound indicates that rhythm, not pitch or fre- 
quency variation, the information. It is 
possible, but seems rather unlikely, that these sounds 
are associated incidentally with visual cues such as 
head bobbing in reduviids and phymatids or abdomi- 
nal vibrations in auchenorrhynchous Homoptera. 
Tactile vibrational stimuli individuals 
actual physical contact may be involved in courtship 
and copulation. Certainly, unlike the condition in 
loud-singing Cicadidae, Tettigoniidae, and Gryllidae, 
sound communication these 
ducers functions in some role other than as the pri- 
mary mechanism for species congregation. Olfactory 


ot females 


Readio (1927) 


presence 


described for 


Because of intensities, it seems likely 


conveys 


when are in 


among soft-sound pro- 


or visual cues may play the primary role in congre- 
gation, in courtship. 
would expect that orientation to particular tempera- 
ture and humidity gradients accounts for the initial 


species recognition, or One 


congregation of the sexes of many of these species 
and that acoustical behavior comes into play at a 
secondary level. 

I have concentrated on obtaining tape recordings 
adequate for audiospectrographic analysis and 
playing back through an amplifier and speaker in 
order to test responses to sounds alone. The earliest 
method I used to isolate sounds produced by these 
insects from background noise was a glass vial 3 
mm. in diameter and 10 mm. deep, the open end 
of which was held over the head of a D33 A micro- 
phone. Next came a modification of this same type of 
vial in that a felt sleeve was fitted over the outside 
and a rounded felt pocket about 5 mm. deep and 
fitting closely to the sides of the vial was inserted at 
the open end of the vial (fig. 29). This reduced the 
background noise still further, kept the in- 
sects closer to the microphone, and reduced the pos- 
sibility of reverberation within the vial. A 


for 


level 


paste- 


board sleeve with a fine screen inserted in it held 
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Fic. 29.—Felt-lined glass vial, microphone, and sleeve accessories as described in text. 


Fic. 30.—Sound-treated box, including microphone and cage. Explanation in text 
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the microphone to the vial and kept caged insects from 
walking on the silken cover of the sensitive element. 
The felt-lined vial greatly increased the quality of 
the recordings, but obviously obscured the animals 
from 

Recently I have constructed a special chamber of 
1/2-inch celotex, 4 inches square and 5 1/2 inches 
deep, which is surrounded by 1/2 inch of glass wool 
followed by 1/4-inch plywood and finally followed by 
another layer of celotex (fig. 30). The box opens at 
the top. An Electro-Voice Model 605 microphone is 
supported by foam-rubber pads inside the box with 
its sensitive element placed upward and with a felt 
baffle surrounding the metal of the head. This com- 
pound box is supported by two 1/2-inch sponge rub- 


view. 


ber strips. Pill boxes with plastic screening fixed in 
the cutout tops and bottoms form the cages which 
are set on top of the microphone. A lid constructed 
of plywood and celotex with a glass window out- 
side and an inner pliable plastic window mounted 
1/4 inch below the glass closes the top and allows 
observation with a binocular microscope or hand 
lens while monitoring or recording. 

In addition, a Magnemite 610E tape recorder has 
been fitted with a transistor preamplifier diagrammed 
in fig. 31 and designed and constructed by Mr. Hal 
F. Schulte, Jr., of The University of Michigan Re- 
institute. This amplifier greatly 
the amplitude of the soft signals picked up by the 
microphone, and makes it possible to record very soft 
pulses at amplitudes sufficient for play-back and ade- 
The amplifier 
also is very useful in recording noises of loud-singing 


search increases 


quate audiospectrographic analysis. 


cicadas, Orthoptera, and frogs which are produced at 
too great a distance to record them with a standard 
Magnemite recorder. The response curve of the am- 
plifier is flat within 1 db between 0.3 and 12 keps. 
at an impedance of 50 ohms, the rated impedance of 
both the American D33 A and Electro-Voice 605 
microphones. Two other changes have been made 
on this Magnemite: 1) a transformer has been added 
to the microphone input circuit to match the 50-ohm 
rated impedance of the microphones used, and 2) the 
monitoring output circuit, 
functioning in record position, has been 
thus volume 
without causing feedback in normal operation. 


270K resistance in the 
normally 
by-passed, increasing the monitoring 
The sound recording and analysis equipment now 


investigators has done a great deal 
to stimulate interest in description of the sounds 
produced by Hemiptera and Homoptera. The next 
logical step is to determine the role that acoustical 


In order to do this 


available to 


behavior plays in these groups. 
we must discover predictable responses to naturally 
produced sounds, and then test these responses under 
experimental conditions in which all other cues have 
been ruled out. Of course, we still need cataloguing 
and description of sounds produced, but only through 
an understanding of the role of sound in the economy 
of these animals can we safely compare sounds made 
by one animal with those produced by another. Only 
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sounds produced under comparable situations can 
reasonably be compared from individual to individual 
or from taxonomic unit to taxonomic unit. 

Leston (1957) states that “all reduvioids possess 
an extra-specific type of stridulation, as is evinced 
both by its distribution in larvae as well as in adults, 
and by experiments in which stridulation can be in- 
duced by external stimuli (Haskell, in preparation). 
Readio (1927) has somewhat weak 
evidence, that stridulation may at times play a part 
in courtship behavior but, if this is so, then this intra- 
specific function has been tacked on to what is basi- 
cally an extra-specific functioning mechanism.” Ob- 
viously, the response of males or females to the other 


suggested, on 


sex in courtship represents reaction to “external 
stimuli,” and the only situations described so far in 
which sound appears to play an important role are 
those of courtship and copulation both in the Hemip- 
tera (Reduviidae and Notonectidae) and in the 
Homoptera (Cicadellidae ). term 
specific” apparently refers to an inter-specific func- 
tion, 


Leston’s “extra- 
Disturbance sounds are comm 1.ly produced 
by many bugs: reduviids, phymatids, cydnids, cer- 
copids, cicadellids, cicadas, ete., but it seems unlikely 
that these noises could have had much effectiveness, 
in terms of eliminating capture or shortening the cap- 
ture period, until they were well developed and rela- 
tively intense. Therefore, it seems appropriate to look 
for some other role which might have had survival 


value. Perhaps it is as logical to suggest that sound 


producing structures developed as elaborations of 
with visual 
courtship and copulation—headbobbing in Reduviidae 


structures associated moving cues in 
and Phymatidae, wing flashing or abdominal move- 
ments in Cydnidae and Piesmatidae, and abdominal 
movements (coupled with wing flashing?) in Cicadi 
dae, Cercopidae, and Cicadellidae. If individuals pro- 
ducing or responding to certain sounds were more 
successful in courtship and copulation, this ability 
would then be might 
elaborated to its present form. Once sound produc- 
tion was well established and relatively intense, it 
might play a prominent role in disturbance reactions 


selected for and become 


\ll known forms use the same mechanism in produc- 
tion of sounds in both courtship and disturbance 
situations. 

We have an abundance of hypotheses, and the need 
for more evidence is all too obvious. Experimental 
behavioral studies coupled with descriptive morpho- 
logical and behavioral approaches are needed to es- 
tablish the functions of these sounds. Considerable 
technical difficulties with the small 
of the animals, their host restrictions, and the low in- 


associated size 
tensity of the sounds produced have held back many 
aspects of such studies. For instance, Ossiannilsson 
has spent an enormous number of hours making vast 
numbers of observations on at least several hundred 
individuals of over 90 species of Homoptera, obtain- 
ing only a half dozen or so behaviorally significant 
observations that might give some clues as to the 
functions of the produced. I have 


sounds spent 
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hundreds of hours watching and recording a much 
smaller number of species, so far without obtaining 
any positive evidence of function or any predictable 
response to noises produced. Several times I have 
listened to individuals caged in apparently the same 
manner as others of the same species that had been 
recorded, without hearing any sounds. Also, study- 
ing the soft sounds and associated behavior of these 
small animals requires facilities for both amplification 
and magnification at the same time. 
find situations in which one individual does produce 
noises, we don’t know enough yet to predict whether 
or not other individuals will be in the proper physio- 
logical condition to respond to the sounds. 
Comparison of these sounds, of the structures pro- 
ducing and receiving them, and of the behavior as- 
sociated with sound production may provide a basis 


Even when we 


for recognition of morphologically similar species in 
other Hemiptera and Homoptera as it has in 17-year 
cicadas (Moore and Alexander 1958). It seems likely 
that sound and behavioral characteristics will prove 
valuable in recognizing species from living specimens 
in complexes such as the leafhoppers now grouped as 
Macrosteles fascifrons (Stal), Idiocerus populi (Lin- 
naeus), and Macropsis basalis (Van Duzee) and 
ferruginoides (Van Duzee), and the spittlebugs now 
lumped as Aphrophora (Fitch) and 
permutata Uhler. Understanding of these charac- 


saratogensis 


for the transistor amplifier discussed in text. 


teristics should make possible a much better grounded 
interpretation of the evolution of these groups than 
It may also be possible through 
such studies to determine the primary mechanisms of 


is now possible. 


congregation of individuals and of species and sex 
recognition. 
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and Rearing Procedures (Coleoptera) 
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ABSTRACT 


Old-World species of Bruchidae should be regarded 
as established in the United States only if their rearing 
from locally grown host plants has been accomplished, 
Canadian or Mexican species only if their presence seems 
the result of natural spread or migration. Host-plant 
material showing evidence of the infestation should be 
preserved along with the reared specimens, so that pub- 
lished records can be verified later. Collecting records 
are given for eight species new to the United States, with 
the known host plants, as follows: A ytorhinus prolixus 
(Fall), South Dakota; Acanthoscelides  submuticus 
(Sharp), Arizona, from Amorpha; <A. mundulus 


Since the discovery of the economically important 
the United States 
379), two species of Cal- 


Bruchus brachialis Fahraeus in 
in 1930 (Bottimer 1937: 
losobruchus of at least minor importance to agricul- 
ture have been found living in their respective host 
plants within our borders. One of these has been 
recorded, but the was not included in the 
Fifth Supplement to the Leng Catalogue. The other 
Callosobruchus thus far does not appear to have been 


record 


recorded. 

Of the described but as yet unrecorded noneconomic 
species on hand or seen from the United States, 
seven have been determined, and of these, five have 
been associated with host plants. 


ESTABLISH MENT 


It might be a matter of opinion, in some instances, 
just when a foreign bruchid, taken in the United 
States, rightfully should be added to our list of in- 
sects. Before a bruchid can become established in 
any new area its host plant, either native or intro- 
duced, must naturally be well established and _pro- 
ducing mature seeds. There can be no doubt about 
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Suffri 


(Sharp), Arizona; Sennius celatus (Bruchus c. 
Texas, from Cassia; S. xanthopus (Bruchus x. 
an), Florida and Georgia, from Cassia; Callos 
ademptus (Sharp), Alabama and North Carolina, from 
Pueraria; Megacerus leucosomus (Sharp), Texas, from 
Ipomoea; and M. leucospilus (Sharp), Texas, from 
Ipomoea. The occurrence of Callosobruchus phaseoli 
(Gyllenhall) in Florida in Dolichos seeds is also dis 
cussed. Details are given on rearing bruchids and _ their 
parasites, and a method is described for obtaining prop 
erly mounted bruchid specimens. 


»bruchus 


adding to our list a species actually reared from 
such a host plant growing within our borders. 

In the case of a bruchid known to 
southern Canada or in northern 
collecting in nature of an individual of this species 
within our borders would amply justify its inclusion 
in our list. Most, if not all, host plants in the general 
area of our two borders will be found common to 
both sides of the river or imaginary line, neither of 
which acts as a barrier to the migration of plants 
and their insects. 

The writer would include any New-World species 
which had been field-collected within 
provided its presence here appeared to be the result 
of a natural spread or migration of the insect and 
not due merely to movements of commerce. In the 
writer’s opinion, the addition to our list of an Old- 
World bruchid, unless known at the time from nearby 
Canada or Mexico, should be based upon a positive 
rearing record from a locally grown host plant. 

The interceptions of foreign bruchids in the United 
States by our federal and state quarantine officials 


occur in 
Mexico, the mere 


our borders, 


have always been considered mere interceptions, and 
none of these officials, to the writer’s knowledge, has 
ever proposed including such species in a list of 
United States insects. 

Lintner’s 1891 report of Bruchus lentis occurring 
in imported lentils in New York retail stores is well 
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known. Bradley (1947: 33) reported that the Leibeck 
collection contains a single example of Bruchus 
signaticornis found in lentils in Pennsylvania. Based 
on these two records, he would have us consider these 
two species as the fourth and fifth of the genus “to 
be recorded from the United States” in spite of the 
fact that he was informed that these insects “are of 
no likelihood of becoming established.” Such a pro- 
posal is rejected by the present writer, as it was by 
Blackwelder and Blackwelder (1948: 44). If we 
were to list these insects, it would be quite necessary 
to so list all of the hundreds of species of bruchids 
intercepted in seeds or otherwise taken at our borders 
by quarantine workers, and all other foreign species, 
dead or living, that in some manner gained entrance 
into this country. 


BRUCHID HOST PLANTS 


Considerable confusion exists in literature regard- 
ing bruchid host plants, due in part to misdetermina- 
tion of either, or even both, the plant and the insect. 
However, much of the confusion is the result of the 
promiscuous use of “host” for any plant on which 


the insect was taken or from which it was actually 
reared. The terms bruchid host or host plant as used 
by the writer refer only to plants in some part of 
which the insect developed normally from the egg to 
the adult stage. Seeds (used in a rather broad sense) 
furnish for the larvae of all of our American 
species whose host plant or plants are known, with 
one possible exception. Bridwell (1952: 124) re- 
ferred to the record of Kieffer and Herbst (1905: 66) 
who reported a “Bruchus sp. n.” reared from larvae 
found singly in bud galls on Duvaua dependens DC. 
(=Schinus huigan Molina), family Anacardiaceae, 
in Chile. No later reference to this species has been 
noted. 

Under the misleading title “Descriptions of some 
Peru,” Pierce (1915: 
5-9) described three species of bruchids collected by 
that all of them were 
reared from the squares. The author (1. c., p. 5) 
stated that “While it is not unusual to find these 
beetles on cotton squares at nectar, no species has yet 
been definitely reared from cotton.’”’ We have con- 
sidered it quite improbable that bruchids can develop 


Y Tt rd 


weevils reared from cotton in 


Townsend who suspected 


in cotton squares. 


REARING PROCEDURE 


Positive relationship of a bruchid with its host 
plant or a hymenopterous parasite with its bruchid 
host can be determined only through rearing. The 
rearing is to obtain such 
association of each species of bruchid with as many 
plant as normally occur in nature. Other 
reasons that may be listed are to obtain bruchids and 
their parasites in fresh conditions, and in series to 
show variations that might exist, and to acquire spe- 
cies that in some instances have not been collected by 
other methods. 

Basically, the rearing of these insects and their 


writer's main object of 


species 
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parasites is comparatively simple, for in most in- 
stances they will emerge from perfectly dry plant 
material. For rearing, the writer prefers a pint 
fruit jar with a screw ring holding a piece of cloth. 
Pods or other fruits are collected after they have be- 
come mature or practically so, carefully sorted, and 
all foreign material removed before being caged. 
Material so caged should be quite dry because of the 
danger of mold. Some bruchid hosts will be infested 
also with the larvae of Rhynchophora or Lepidoptera 
which cannot always be detected, but their injury can 
be distinguished easily from bruchid work. 

For reared bruchids often have a 
tendency to die with their elytra slightly separated 
or their wings exposed. This can be prevented, 
usually, by first thoroughly chilling the jar, dumping 
the contents into a flat pan, and quickly picking up 
the insects with an aspirator and transferring them 
to a killing bottle before they recover. A quick kill 
followed by a few days of drying in the open usually 
will result in satisfactory specimens. 

Upon the completion of the rearing, a representa- 
tive sample of the bruchid-injured plant material of 
each lot is retained for further reference. This ma- 
terial is kept in cardboard trays of unit size, and these 
are arranged alphabetically according to plant genera. 

With any reared bruchid, the writer has long 
realized the value of retaining portions of the plant 
showing definite evidence of the infestation, especially 
the seed or seed container (pod, capsule, fruit, etc.) 
showing the exit hole of the insect and the circular 
disc cut from either or both of these parts of the host 
plant. That part of the plant upon which eggs are 
deposited should be mounted, or the eggs kept dry in 
a gelatin capsule or minute vial. The cast skins of 
the mature larvae, usually remaining within the pupal 
cells, should be retained. 
tained by transferring unhatched eggs of one species 
from the host to a gelatin capsule. Upon completing 
their development within the 
cut their way out through their respective shells but 
will remain within the capsule, from which they can 
be transferred to a small vial of alcohol. Egg para- 
sites are to be reared in this manner. If time per- 
mits, older larvae and pupae may be obtained by cut- 
ting them out of infested seeds. Some confusion will 
exist in field-collected material 
or even three species of bruchids may be present in a 
single lot of seeds, and especially when two of them 
are closely related and have similar habits. Since 
many of these insects are continuous breeders, pure 


some reason, 


First-stage larvae are ob- 


eggs, the larvae will 


cases of where two 


colonies may be obtained by caging freshly emerged 
adults of these species with uninfested seeds of its 
host plant. 

In most combinations of reared bruchids and hosts, 
the writer has attempted to obtain at least a few 
adults that can be associated positively with their 
respective seeds or pods. By placing infested seeds, 
pods, or fruits singly in gelatin capsules or vials of 
suitable size, any insect that may emerge will be kept 
confined with its own work, and eventually both can 
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be mounted on the same pin. The writer will not 
mount on the same pin an insect and plant material 
unless their relationship has been positively deter- 
mined by this or some related method. Gelatin cap- 
sules are used in mounting smooth seeds or other 
parts of the plant that cannot be pinned or per- 
manently glued to a point. 

In some instances where composite populations 
exist in one host plant, a single seed may be found 
in nature with eggs of as many as three species of 
Bruchidae. Such a seed may produce one or even 
two adults belonging to any one or two of the species 
concerned. It is not uncommon to rear a_bruchid 
from a seed which has an egg of another species, 
or to rear a hymenopteron from a seed that may have 
been infested by any one of the three species in- 
volved. Hymenoptera reared from various lots of 
legumes could be bruchid egg parasites, primary or 
secondary parasites of larvae of bruchids, weevils, or 
lepidopterons, or with certain plant genera they 
could be seed chalcids or their parasites. Thus the 
correct association of a reared insect with host (plant 
or insect) may become rather complicated, requiring 
almost unlimited care in the rearing work. 

MOUNTING 

The proper mounting of bruchids is considered by 
the writer as being difficult and tedious, and no short 
cut in the detailed procedure has been found. Except 
for large examples of Caryobruchus among our spe- 
cies, bruchids are usually ruined by pinning. De- 
greasing is essential, and the rearrangement of the 
legs and antennae is invariably necessary. Most of 
the adults die with the head and appendages closely 
applied to the body, and if mounted in this condition, 
particularly with too broad a point or with too much 
adhesive, characters useful in making a determination 
often are hidden. These characters are to be found on 
the coxal plates, on the first abdominal segment, 
and on the hind legs, both of which should be more 
or less straightened out and moved downward ex- 
posing the coxal plates and the often characteristic 
armature on the lower margin of the femora. Start- 
ing with a dry specimen the procedure is to relax 
it slightly by placing it in Barber’s relaxing fluid 
for from 15 seconds to 1 minute or morc, depending 
upon the size of the insect. Upon its removal from 
this solution, the excess liquid is blotted off and the 
insect held on its back while the legs and antennae 
are moved into the desired positions. Holding the 
insect while the appendages are being moved into 
position without rubbing off the very fine pubescence 
on the upper surface of most of the species.is a 
difficult procedure. After drying thoroughly, the 
specimen is placed in benzene for one or more 
days, again depending upon its size. 
may require two or more changes of the solvent. The 
insect can be mounted as soon as dry. Shell vials 
are used to hold the relaxing medium and the solvent, 
one suitable for the few insects usually handled at a 
time being approximately 5/8 x 1-1/4 inches in 
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size. The insect or insects are lifted from the liquids 
by means of a homemade device consisting of a 
small handle to which is fastened a short piece of 
metal 3/6 of an inch wide, the apical 1/4-inch of 
the metal being bent at a right angle and the inner 
edge rounded to conform with the curvature of the 
shell vial. The points used by the writer vary in 
width at the apex according to the size of the insect. 
They are used either straight with the bruchid 
mounted upright at the tip, or with the end bent 
down at an angle to conform with the right side of 
the body of the insect. A minimum amount of a 
nonwater-soluble adhesive is used. 


PRESERVING PLANT EVIDENCE 


The maintenance of a small herbarium and a seed 
collection is considered a necessity by the writer in 
the collection and study of Bruchidae. In practically 
all cases, herbarium specimens should be taken from 
the same plant (if possible) from which seeds were 
collected, even though the plant may be well known 
to the collector and its scientific name appears to be 
quite stable. Often only the seeds or seed containers 
are to be found during the dormant season of the 
plant, and among bruchid hosts, many of these can be 
placed to genus and some specifically determined, 
especially with the aid of a seed collection with named 
material for comparison. Specimens for the her- 
barium are limited primarily to the Leguminosae 
and to several other plant families having genera 
known to include hosts or suspected hosts of bruchids. 
These two botanical collections, together with the 
bruchids and their work, when maintained as 
unit, provide a rather permanent record of the natural 
relationship of the insect with its host. Published 
statements on the insect-plant associations based upon 
such a composite collection can be verified readily 


one 


or corrected later if desired or necessary. In the ab- 
sence of plant evidence, a published record based 
upon a misdetermined host is quite impossible to 
correct. 


NEW UNITED STATES RECORDS 


Kytorhinus prolixus ( Fall ) 
1926: 204. 


Mylabris prolixus Fall 


Kytorhinus prolixus (Fall) 1946: 53. 


sridwell 


The first reference to this insect was that of Brid- 
well (1922: 467) who published a note on the type 
of Kytorhinus Fischer and stated that an undescribed 
species of this Old-World genus was known from 
Alberta. It was described in Mylabris a few years 
later by Fall, from examples he collected at McKinley 
Park Station, Alaska. In 1946 it was assigned to its 
proper genus by Bridwell. Brown (1952: 342) re- 
ported the insect from Reindeer Depot and Norman 
Wells, Northwest Territories, and from Edmonton 
and Calgary, Alberta. At the first locality the bruchid 
was abundant on Hedysarum alpinum L. var. ameri- 
canum Michx. In addition to the Canadian speci- 
mens mentioned by Bridwell, the U. S. National Mu- 
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seum has one example from ‘“Matanuska, Alaska 
VII-5-44 J C Chamberlain.” On hand are three speci- 
mens collected by F. S. Carr at Edmonton and Ft. 
Saskatchewan, Alberta, “On Hedysarum_ boreale.” 
No definite rearings have been recorded. 

One specimen labeled “Hills City, S. 
1946 H. C. 
mination from the collector. Based upon this record, 
the species is added here to the United States list. 


D. July 8, 
Severin, Coll.’ was received for deter- 


Acanthoscelides submuticus (Sharp) 
Bruchus submuticus Sharp 1885: 455. 

The late J. C. Bridwell had concluded long ago 
that submuticus occurred in the United States, and he 
applied Sharp’s name to numerous lots he so deter- 
mined without publishing a note on his conclusion. 
This binomial appeared in print for the first time 
when Glick (1939: reported 
bruchid by airplane at 1000 feet altitude at Tallulah, 
Louisiana. The determination was furnished him by 
Bridwell, who, unfortunately, misidentified the insect. 
The badly broken Tallulah specimen was examined 
later by the present writer and recognized as an 
Acanthoscelides quite distinct from the Mexican spe- 
cies in question. 

Sharp’s description was based upon a series of 12 
collected by Morrison in “Northern 
Sonora.” Insects from this locality can be expected 
quite naturally to occur in southern Arizona. The 
writer had tentatively determined as submuticus cer- 
tain examples from Ramsey Canyon in the Huachuca 
Mountains of Arizona. On September 28, 1956, the 
writer collected in the upper portion of this canyon 
and found maturing pods of Amorpha fruticosa var. 
occidentalis (Abrams) Kearney & Peebles. The first 
bruchid to emerge from this crop of pods appeared 
This species proved to be a continuous 


36) collecting one 


examples 


on October 3. 
breeder and several hundred specimens were reared 
from this one lot. With the aid of this additional 
material, the determination as submuticus 
has been considered definite. Although the exact re- 
lationship between Sharp’s species and certain of our 
several bruchids associated with Amorpha is un- 
settled at the moment, the writer considers it quite 
safe to add A. submuticus (Sharp) to our United 
States list. 


reared 


Acanthoscelides mundulus (Sharp ) 


448. 
(Sharp) 


Bruchus mundulus Sharp 1886: 
Acanthoscelides mundulus 


700 


Blackwelder 1946: 

This species was described from a single example 
from Guanajuato, Mexico. Of the 11 Mexican speci- 
mens of this species on hand, 10 were taken by the 
writer at Chapala, Jalisco, August 17-18, 1949, and 
one is labeled “35 Mi S Puebla 11 25 53 Pueb D G 
Material kindly loaned the writer by 
H. B. Leech of the California Academy of Sciences 
included two Mexican examples of mundulus. One 
is labeled “8 mi. S. Izucar de Matamoros, Puebla 
Mex. Xii-10-48 H. B. Leech Collector” and the 


Kissinger.” 
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other, from the Fenyes collection, is simply labeled 
“Matamoros, Mex. May.” Mr. Leech wrote that 
Fenyes’ locality is almost certainly Izucar de Mata- 
moros in Puebla. 

The California Academy collection also contains 
the first specimens of mundulus seen by the writer 
from the United States. Labels on these two ex- 
amples read, respectively, “Baboquivari Mts. Ariz. 
Aug. 20, 1924 O. C. Poling Collector” and “Baboqui- 
vari Canyon W side Baboquivari Mts. Pima Co. 
Ariz. 25-27.VII.52 H. B. Leech J. W. Col- 
lectors.” Later, one example of this species was re- 
ceived from the American Museum of Natural His- 
tory through M. A. Cazier for naming. It is labeled 
“Coyote. Mts. Ariz. Aug. 3-7, 1916 About 3500 ft.” 
More recently three specimens of mundulus were ob- 
served in the Fall collection in Cambridge, through 
the kindness of P. J. Darlington, Jr. These were 
undetermined and bore the following labels: “Babo- 
quiv. Mts. Ariz. VII/15-30/24” (1), and same data 
except “X/1-15/24” (2). The host plant is unknown. 


Green 


Sennius celatus (Sharp), new combination 
Bruchus celatus Sharp 1885: 449. 

This species was described from two examples from 
Bugaba, Panama. Recently determined specimens in 
the American Museum of Natural History collection 
are labeled: “Salina Cruz, Oaxaca, Mex. July 17, 
1947 B. Malkin” and “Mazatlan, Mexico.” Twelve 
examples in the Dreisbach collection are labeled: 
“Alvarado, Mex. II-15-54 R. R. Dreisbach” (1); 
“Rosario, Mex. Sinoloa, 6-28-56 R. & K. Dreisbach” 
(9); “Wollamo, Mex. Sinaloa, 6-22-56 R. & K. 
Dreisbach” (1); and data except for date, 
“6-27-56” (1). 

In mid-February and again about May 1, 1936, 
J. W. Monk collected pods of a Cassia at Donna, 
Texas, and forwarded them to the writer for pos- 
sible rearings of bruchids. The plant was not recog- 
nized from the pods, but the flowering plants which 
were readily grown from the seed were determined 
as Adipera bicapsularis (L.) B. & R. in North 
American Flora, in which publication the authors 
(Britton and Rose 1930: 240) recorded the distribu- 
tion of the plant as Bolivia and Paraguay to Mexico, 
West Indies, and Florida. The writer’s specific de- 
termination has been verified by botanists, 
but Adipera has been synonymized under the older 
genus Cassia. The plant has not been recorded from 
Texas, and was not mentioned in Turner’s recent 
publication “The Legumes of Texas” (1960). The 
source of the Donna plant is unknown to the writer, 
but the one mentioned below McAllen was 
cultivated. The only specimens of Cassia bicapsularis 
collected by the writer were taken at roadside in 
Brownsville, quite definitely here an escape from 
cultivation, although in a location where road im- 
provement would probably eradicate the small colony. 

Eggs of a Sennius were found within the pods of 
the first lot from Donna wherever there was a hole 
or break in the valve large enough for the female 


same 


several 


from 
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bruchid to enter or through which eggs could be 
deposited. Most of the eggs were deposited singly 
or in irregular masses on the black partitions separat- 
ing the seeds, but some were placed on seeds when 
they were exposed. Bruchids had emerged in num- 
bers from the second lot of pods when received, and 
hundreds of examples of S. celatus were reared dur- 
ing May from the two lots. 

From pods of Cassia bicapsularis collected in 
McAllen, Texas, for the writer early in June, 1948, 
by H. S. Barber and R. B. Lattimore, a single ex- 
ample of S. celatus was eventually found dead within 
a pod associated with the seed from which it had 
emerged. 


Sennius xanthopus (Suffrian), new combination 


Bruchus xanthopus Suffrian 1870: 156. 

This West Indian bruchid from 
Cuba and was reported from Puerto Rico by Wolcott 
(1936: 285), based upon a determination by H. S. 
Barber. The insect has been in Florida for a long 
time, judging from specimens in the U. S. National 
Museum labeled as follows: “Tampa 18.4 Fla Coll 
Hubbard & Schwarz,” “N Smyrna 6 Fla Coll Hub- 
bard & Schwarz,” and “N Smyrna 3.6 Fla Collection 
C. V. Riley.” Museum specimens from Orlando, 
Florida, labeled “Bred from Cassia sp. R. T. Cotton 
Collector” are perhaps the first to be associated with 


was described 


a host plant. 

The writer has made numerous rearings of this 
bruchid in Florida, and a few in Georgia, all from 
two species of Cassia, C. occidentalis L. and C. ob- 
tusifolia L. (C. tora of authors). These two “coffee- 
weeds” are natives of tropical America, but they have 
long been well established in the southeastern United 
States, especially in the Gulf States, where they are 
often found in mixed The pods of both 
usually mature in the late fall and remain on the 
Yplants over winter and well into the following season. 
‘They are slowly dehiscent, the valves eventually 


cok mies. 


;Splitting open, exposing the seeds, and allowing most 


‘of them to fall to the ground. The bruchid is a 
continuous and prolific breeder, at least in 
Florida, and thousands of specimens have been reared. 
Bruchid eggs are first deposited on the maturing pods, 
then on seeds as soon as these become exposed. Some 
lots of pods and seeds collected in central Florida 
during 1929 became infested with a predaceous mite, 
and the insect colonies had to be fumigated. 

Florida rearing records from Cassia obtustfolia 
follow. The first evidence of an infestation was noted 
October 26, 1929, when bruchid eggs were found on 
pods of this plant at Lakeland. Additional pods were 
collected from the same plant colony November 11 
and added to the first lot. The first emergence was 
noted November 23 when four adults were found in 
the rearing jar. Nearly 100 additional specimens 
emerged during the next 5 weeks. Adults 
started to emerge November 23 from pods collected 
November 2, 1929, at Loughman. About 90 bruchids 
emerged from this lot during the next 5 weeks, and 


very 


also 
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a second generation of 37 emerged during late Feb- 
ruary. Adults again were reared in numbers from 
seeds collected in this locality March 30, 1933. From 
pods collected at Bartow, November 11, 1929, the 
first emergence was noted on November 23. About 
75 additional specimens appeared before the first 
of the year, and a second generation of 70 emerged 
during late February. On February 2, 1930, about 
two dozen mature and partially opened pods were 
collected near Dunedin. About 150 adults were ob- 
tained from this lot during the next 14 months. Old 
pods still containing seeds were collected April 3-5, 
1933, at Dade City, Lake City, Belleview, and Silver 
Springs. The bruchid was reared from all of these 
lots, and in great numbers from the last one men- 
tioned. Numerous adults also were reared from old 
seeds collected near Gainesville, April 29, 1937. 
from Cassia occidentalis involve 
collections from two localities. Infested pods were 
found along with those of C. obtusifolia at Loughman 
on November 2, 1929. The first bruchids to emerge 
were noted in the rearing jar on November 29. More 
than 1700 bruchids emerged from this lot during the 
following 12 months, the main periods of emergence 
being mid-winter, May, August, and October-Novem- 
ber, indicating four generations. Normally one seed 
supports a single insect. In a few cases, however, a 
second larva was able to develop in a seed, but be- 
cause of insufficient food the resulting adult 
dwarfed. A number of these insects 
reared from pods collected in the same locality on 
March 30, 1933, during the 11 months the colony 
was maintained. Infested pods collected April 4, 
1933, at Silver Springs also produced quantities of 
the bruchid. 

Bruchid eggs were found very sparsely on seeds 
collected from old plants of Cassia occidentalis at 
Fort Valley, Georgia, on February 19-18, 1931. No 
normal emergence of insects took place, but later one 
dead_ bruchid extracted from a seed. It had 
been able nearly to complete cutting its way through 
the seed coat. This is the first example of ranthopus 
seen from Georgia. Old pods of both C. obtusifolia 
and C. occidentalis were collected May 10, 1954, at 
roadside near Arlington, Georgia. The seeds proved 
to be infested by this bruchid, and a few adults were 
reared from each lot. 

S. xanthopus taken by the writer in general col- 
lecting were all from Florida: Silver Springs and 
Ocala, 4/4/33; Gainesville, 4/29/37; and Bradenton, 
3/19/41. 


Florida records 


Was 


greater was 


was 


Callosobruchus ademptus (Sharp ) 


Bruchus ademptus Sharp 1886: 36. 
Callosobruchus ademptus (Sharp) Chujo 1937: 190 
Sharp described this Japanese species as a Bruchus, 
but it was transferred later to its proper 
Callosobruchus, by Chujo. 
Bridwell (1938: 75) stated that “C. ademptus 
(Sharp 1886) extends out of the tropics into tem- 
perate northeastern Asia affecting the kudzu, Puera- 


genus, 
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ria thunbergiana Bentham.” According to the “Re- 
view of Applied Entomology,” 30(1): 13, Suzuki 
(1940: 107-108) reported that this bruchid infested 
up to six percent of the seeds of kudzu in Japan. 

The first Callosobruchus ademptus to be found in 
kudzu seed grown in this country evidently were 
taken in 1941. U. S. National Museum material in- 
cludes two examples labeled “In Pueraria thun. seed 
Alabama 12.VI.41” and two specimens “In Pueraria 
thunbergiana Soil Cons. Nursery, Ala. 17.1X-41.” 
Associated with both of these lots are injured seeds. 
Six specimens and injured seeds bear the label 
“Statesville, N. C. Rec’d XI-6-43 R E Stitt Ex 
Kudzu seed,” and one mounted adult and a gelatin 
capsule with numerous injured seeds (some contain- 
ing bruchids) are labeled “In Pueraria thunbergiana 
seed North Carolina 26-V-44.” 

The writer has one adult ademptus extracted from 
one of a small lot of Alabama-grown seeds kindly 
sent to him by the Thorsby Soils Conservation Nur- 
sery for examination in February 1949. Infested 
kudzu seed imported from Japan were found by the 
writer in seed stores in Sewell, New Jersey, and 
Washington, D. C., in May 1938. In these cases 
the insects were dead, but evidently bruchids of other 
importations of Japanese kudzu seed came through 
alive and were able to establish themselves. 

Pueraria thunbergiana (S. & Z.) Benth. is 
sidered a synonym of P. lobata (Willd.) Ohwi. This 
is an Asiatic plant now well established in the south- 
United States. 


con- 


eastern 


Callosobruchus phaseoli ((Gyllenhal ) 
1833: 37. 
(Gyllenhal ) 


Bruchus phaseoli Gyllenhal 
Callosobruchus phaseoli 

Bridwell (1918: 471) 
the dolichos weevil in a paper on Bruchidae in the 
Hawaiian Islands, where it was reared from the seeds 
of Dolichos lablab. He found the eggs also on pods 
of the lima bean (Phaseolus lunatus) in nature, and 
succeeded in rearing one small individual from an 
apparently naturally infested lima bean. Later 
(1919: 17) he reported that the insect had been de- 
termined by Schwarz as Pachymerus phaseoli (Gyl- 
lenhal). The same author (1938: 75) placed phaseoli 
in the genus Callosobruchus and stated that the spe- 
cies was widely distributed in commerce, affecting 
food legumes of Old-World origin. 

In their treatment of some Bruchidae of India and 
Ceylon, Mukerji and Chatterjee (1951: 8, 27) dis- 
cussed the genitalia of this Bruchus 
(Laria) phaseoli Gyll., and listed under host plants 
“Dolichos lablab ; 

These records are the only ones at hand indicating 
that the bruchid’s natural host or hosts include le- 
gumes other than species of Dolichos. The insect 
is in the writer’s collection from Hawaii (F. C. Had- 
don), Mysore State, India (P. S. Nathan), and 
from Cuba, all reared from Dolichos lablab. Four ex- 
amples of this cosmopolitan bruchid in the U. S. 
National Museum labeled “Bueno Vista pea [| Bona- 


Bridwell 1938: 75. 


referred to this bruchid as 


species as 


seeds of Bean.” 
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vist] Homestead Fla 26.4 44-11147” were determined 
by Bridwell as the first material from the United 
States. These were taken during a special survey by 
the U. S. Department of Agriculture, and the dis- 
covery was recorded by Myers (1947 :4) as follows: 


“Taken in Dade County, Fla., where severe infes- 


tation was found in the dry seed pods of Dolichos 

lablab in the spring of 1944. 

“This species is generally distributed throughout the 
tropical regions of the world and attacks several species 
of leguminous plants.” 

This record was not included in the Fifth Supple- 
ment to the Leng Catalogue. Since the insect is 
known from Cuba, its occurrence in southern Florida 
is not unexpected. 

During the fall of 1959 the writer determined as 
Callosobruchus phaseoli (Gyllenhal) one female ex- 
ample in the Canadian National Collection labeled 
“Ottawa, Ont. III.17.1949 S. D. Hicks ex Cal. Lima 
beans.” Mr. Hicks reported that this specimen was 
found alive in a sealed sack of lima beans purchased 
in a local The beans were labeled 
as having been grown and packed in California. The 
specimen is in excellent condition, practically all of 
the pubescence being intact, thus indicating a possi- 
ble emergence not long before its discovery. How- 
ever, in the absence of positive evidence, such as an 
injured seed in this case, the writer is not recording 
here that this specimen actually emerged from one 
of the lima beans. This very interesting association 
of the insect with a possible host plant is being pre- 
sented to economic entomologists, who in turn can 
determine whether or not we may have C. phaseoli 
established in California. 


grocery store. 


Megacerus leucosomus (Sharp ) 


Bruchus leucosomus Sharp 1885: 488. 
Megacerus leucosomus (Sharp) Blackwelder 

This species was described from Mexico, Guate- 
mala, and Panama. Blackwelder was the first to 
list it under Megacerus. 

Four recently determined Mexican examples re- 
ceived from H. B. Leech are labeled: “9 mi. south 
Cuernavaca, Mex. XII-9-48 H. B. Leech Collector,” 
S. Cuernavaca Mex. XI-15-46 E. C. Van- 
“Maria Madre Id village May 21, 
Islands H. H. Keifer Collector,” 
The last specimen is 


1946: 762. 


“15 ani. 
Dyke Collector,” 
1925 Tres Marias 
and “Matamoros, Mex. May.” 
from the Fenyes collection, and as noted under mun- 
dulus, the locality is quite certain to be in the 
state of Puebla. The writer took two examples near 
Chapala, Jalisco, August 17, 1949. 

The species is included in the Leng Catalogue, 
California records, but it has not 
from within borders until the 
A total of seven Texas examples has 
been seen thus far. In March 1921 J. C. Bridwell 
obtained three examples of this morning-glory bru- 
chid in the Brownsville area. These were said to 
have been reared, but no such data accompany the 
specimens. H. J. Reinhard sent one specimen labeled 


based on Baja 


been recorded our 
present time. 
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“Hidalgo County Tx” to the writer for determina- 
tion. Three males labeled “SEHidalgo Co Tex 
7/1/47” in the G. B. Vogt collection also have been 
so named. 

Ivan Shiller secured a series of M. leucosomus 
(along with M. leucospilus) from the seeds of the 
bush morning-glory, /pomoea crassicaulis (Benth.), 
growing in Matamoros, Tamaulipas, Mexico, the 
date on the U. S. National Museum specimens being 
Feb. 28, 1947. 

This plant, formerly known as Ipomoea fistulosa 
Mart., is a native of South America, its range ex- 
tending northward into southern Texas. Small 
(1933: 1087) also recorded isolated colonies at Pen- 
Florida, and on St. James Island, South 
It is widely cultivated as an ornamental. 


sacola, 
Carolina. 


Megacerus leucospilus (Sharp) 


Bruchus leucospilus Sharp 1885: 489, tab. XXVI, fig. 19. 
Megacerus leucorpilus (sic) (Sharp) Bridwell 1929: 113. 

Originally described from three examples from 
Vera Cruz, Mexico. Bridwell was the first to place 
the species in Megacerus. 

Ivan Shiller reared a short series of this species, 
together with M. leucosomus, from the same collec- 
tion of seed capsules of Jpomoea crassicaulis from 
the Matamoros area, the emergence date on this 
U. S. National Museum material also being February 
28, 1947. 

O. L. Cartwright and R. B. Lattimore collected 
ripened capsules of this plant in Matamoros on 
October 5, 1951, and gave them to the writer for 
possible rearings. The seeds proved to be heavily 
infested, and hundreds of M. leucospilus were reared 
during the following two months. 

On February 6, 1948, Ivan Shiller and the writer 
located a few large specimens of this bush morning- 
glory growing at roadside in Brownsville, Texas. 
A very large crop of mature seed capsules was pres- 
ent, and some were collected. On March 6, one male 
leucospilus emerged normally from one seed, and 
later one dead male extracted from its 
These were the first examples seen by the writer 


was seed. 


from our area. Recently, a series of one dozen speci- 
A. & M. 
College collection labeled “Hidalgo County 6-3 1957 
Professor Reinhard advised that this lot was 


mens of this bruchid was seen in the Texas 


Tex.” 
received with a report that the had 
reared from bush morning-glory seed, and one speci- 
men is so labeled. This host plant could be only 
Ipomoea crassicaulis. 


insects been 
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ABSTRACT 


The general anatomy and histology of the female re- 
productive system and its innervation are described ti 
detail. Contractions of the ampullae, lateral oviducts, and 
ovaries are rhythmic; they are basically independent of 
age, sexual and nutritional status, endocrine secretions 
and nervous stimuli. The common oviduct does not con- 
tract. Ovulation cannot occur without complete matura- 
ation of the egg and rupturing of the follicular intima. 

An enormous literature dealing with various as- 
pects of reproduction in mosquitoes has accumulated 
since Réaumur’s (1738) first brilliant description of 
oviposition by a mosquito’ (see Detinova 1959, and 
Bertram 1959) ; however, none of the studies which 
we have examined was coneerned with the details of 
the mechanism by which a ripened egg is not only 
brought suddenly into the oviducts but actually ex- 
truded from the body.’ Except for the studies by 
McCracken (1907), Kawase (1956a, 1956b), and 
Nayar (1958), this aspect of the physiology of re- 
production in insects in general seems to have re- 
ceived surprisingly little attention. 

In this study a detailed re-investigation of the 
general anatomy and histology of the female repro- 
ductive system of Aedes (Stegomyia) aegypti (L.) 
was made in conjunction with studies of the con- 
tractions of the ovaries and lateral oviducts. These 
studies formed the basis for experiments designed 
to determine the ovulation and ovi- 
position in this insect. 


mechanism of 


ANATOMY OF THE REPRODUCTIVE SYSTEM 


Aedes aegypti two spindle- 
the fifth and 
0). A slender, 


adult 
shaped ovaries lie dorsolaterally in 
(Fig. 1, 


In nongravid 


abdominal 


sixth segments 

1 This research was supported in part by a grant (RG-6021) to 
the second author from the U. S. Public Health Service Scien- 
tific Article No. A860, Contribution No. 3160 of the Maryland 
Agricultural Experiment Station, Department of Entomology. Ac- 
cepted for publication July 19, 1960 

2 This paper is based in part on a thesis submitted by the 
first author to the Faculty of the Graduate School of the Uni- 
versity of Maryland in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy 

Present address: AO 2047610, 
A.P.O. 224, New York, N. Y 
the private ones of the author 
views of the U. S. Air Force 

‘An excellent translation of 
in Howard et al. (1913) 

5We have not Polovodova’s doctoral 
which Detinova (1959) refers in her review. 


36 TUSLOG (USAFE), 
opinions stated herein are 
not to be considered the 


Det 
The 
and are 


Réaumur’s observations is given 


seen thesis (1947) to 


Both ovulation and oviposition are solely due to the 
rhythmical contractions of the lateral oviducts and are 
essentially independent of the activities of the external 
genitalia. In the intact mosquito, however, the nervous 
system in some unknown manner initiates ovulation and 
oviposition, and coordinates both internal and external 
processes. The regulatory oviposition centers are located 
in the head and thorax. 


suspensory filament (F) 
anteriorly from each ovary. The two filaments fuse 
together underneath the heart (Ff), and then sym- 
metrically and strongly attach to (fuse with?) the 
second pair of alary muscles in the second abdominal 
segment (fig. 1). Parks (1955) stated that the 
ovarian filament in his strain of A. aegypti attaches 
to the alary muscles in the third abdominal segment, 
as well as to the antecostal ridge and to the fat 
body in that segment. According to Christophers 
(1923), the ovarian filament in A. aegypti is attached 
to the fourth and fifth abdominal segments. In our 
strains of A. aegypti (National Institutes of Health 
(NIH) and Bangkok) delicate strands from 
the suspensory filament secondarily attach to alary 
muscles within either the third or fourth abdominal 
Suspensory filaments possess 


tapering, terminal passes 


very 


segment (fig. 1, Fa). 
small, round nuclei as well as large ovoid nuclei 
(fig. 4). The filaments have fine, longitudinal strands 
that stain faintly with Ehrlich’s haematoxylin or 
Janus green, and are especially evident near the 
ovary. Near the center of each filament there is an 
enlarged ovoid zone (fig. 1, Oz) containing a cluster 
Possibly this ovoid central 
Coming to 


of small nuclei (fig. 5). 
zone represents a proprioceptive organ. 
this region is a single, very delicate strand of fibers 
which appears to connect to one of the segmental 
nerves of the fifth abdominal ganglion (fig. 5). In 
unstained whole-mounts the suspensory filaments have 
pale greenish, very indistinct markings suggesting 
cross striations. When stained with Ehrlich’s haema- 
toxylin, the outer investing membrane of each fila- 
ment often appears distinctly wrinkled at various 
sites, especially anterior to the enlarged central ovoid 
zone (fig. 4), but these markings do not resemble 
the sharply defined striations seen in various somatic 


muscles. 
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Each ovary is richly supplied anteriorly and pos- 
teriorly by tracheal trunks from the fifth and sixth 
abdominal segments, a finding in accordance with 
Christophers’ (1960) observations. Parks (1955) as- 
serted that in his strain of A. aegypti the ovaries are 
supplied by trunks arising from the fourth and fifth 
abdominal spiracles. In our strains of A. aegypti 
other parts of the reproductive tract are not so densely 
tracheated as the ovaries. 

The structure of the ovarian sheath ( “peritoneal” 
or outer investing “membrane”) of virgins which 
have not taken blood ordinarily cannot be seen well 
even with phase optics at high magnification in fresh, 
unstained, saline whole-mounts; its structure is 
equally obscure in Janus-green-stained preparations. 
After staining with FEhrlich’s haematoxylin, the 
ovarian sheath in favorable preparations is seen to 
be composed of a most complex syncytium of thin, 
flattened, radiating bands of definitely cross-striated 
muscles having round or ovoid nuclei (fig. 6). After 
virgins take a blood meal, the wall of the lateral 
oviduct progressively thickens, and the ovarian mus- 
cles become more conspicuous at the posterior end; 
they can then be seen with phase optics to be cross- 
striated. We have gained the impression that the 
ovarian muscles are arranged circularly and longi- 
tudinally but have not made a detailed study of the 
question. Striated circular muscles in the ovarian 
sheath of Anopheles have been recently described by 
Giglioli (1959): the outer longitudinal muscle layer 
apparently forms the internal oviduct (lumen of the 
ovary). Although Gross (1903) stated that in gen- 
eral the ovarian wall in insects is not cross-striated 
and that the muscles of the oviducts are either smooth 
or incompletely striated, and although Nath (1924) 
did not see striations in the ovarian wall of Culex, 
we have found a number of references to the exis- 
tence of striated muscles in the reproductive systems 
of various insects (Pratt 1899, Bodenheimer 1924, 
Dean 1935, Palm 1948, Bonhag 1958). Nicholson 
(1921), who gives an excellent description of the 
ovarian muscles of Anopheles, found radiating cross- 
striated muscle bands inside a structureless outer 
membrane. Perfiliey (1930) described the internal 
oviduct within the ovaries of anopheline mosquitoes. 

Each ovary of A. aegypti contains ovarioles which 
arise from and open into the internal calyx; the calyx 
is continuous with a short, round, patent or flattened, 
ventrally directed, densely muscular lateral oviduct 
(fig. 1). The lateral oviducts have both circular and 
longitudinal muscles (fig. 1, Lo). In Anopheles 
Nicholson (1921) stated that near the oviducts the 
ovarian muscles are gradually reduced to two laterally 
placed bands that pass transversely to the longitudinal 
axis of the ovary. He also asserted that the investing 
membrane passes over the oviduct, and that the mus- 
cle bands then form the circular muscles of the ovi- 
duct, while the muscles of the follicular tube pass 
into the longitudinal muscles of the oviducts. 

The alimentary canal (hind-gut portion) of A. 
aegypti and the nerves from the terminal abdominal 
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ganglion pass dorsally through the arms of the 
lateral oviducts as shown in figures 1 and 2. The 
lateral oviducts join the ventrally situated, median, 
common oviduct in the seventh abdominal segment 
(fig. 1, Co). Striated circular and longitudinal mus- 
cles of the common oviduct are much thicker and 
more conspicuous than those of the lateral oviducts. 
The change in the musculature at their juncture is 
very striking in A. aegypti. Patton and Cragg 
(1913) referred to the well-developed transverse mus- 
cles of the paired and common oviducts of mosquitoes. 

At the anteriormost end of the common oviduct in 
A. aegypti are ampullae (fig. 1, A). This heart- 
shaped region is noticeably wider than the rest of 
the common oviduct even in nulliparous virgins 
Striated circular bands of 
around the “horns” of the ampullae. Several sharply 
cross-striated somatic muscles attach the ampullae 
to the lateral body wall in the seventh abdominal seg- 
ment (fig. 1, Sm). Mer (1932), Polovodova (1941), 
and Davidson (1955) have studied the ampullae in 
anopheline mosquitoes and related its size to parturi- 


muscles are wrapped 


tion (see Davidson 1955). Polovodova (1947, quoted 
by Detinova 1959) stated that the epithelium of the 
ampullae and common oviduct in Anopheles is 
glandular and a secretion accumulates there during 
gonotrophic cycles. Pfeiffer (1939) 
tions in the oviducts of the grasshopper Melanoplus, 
and indicated that this secretion was controlled by 
the corpora allata. 


observed secre- 


The common oviduct of 4. aegypti passes beneath 


the colon and rectum and then abruptly widens into 
a very short, densely muscular vagina (fig. 2, V) 
and a posteriorly located dorsal atrium. Somatic 
muscles attach the vagina to the lateral body walls 
in the eighth abdominal segment. Three ducts open 
at the anterior end of the atrium 
The single, large, median spermatheca possesses one 
duct (fig. 7, Sdl); a duct (fig. 7, Sd2) from each of 
the two, smaller, dorsolateral spermathecae (fig. 1, 
Ls) join together to form a short common duct 
(fig. 7, Sded) that opens alongside the duct from 
the large spermatheca (fig. 7), a finding in agree- 
ment with that of Macfie and Ingram (1922) and 
of Burcham (1957). Both spermathecal openings 


(figs. 2 and 7). 


1- 


il 
3 


to the atrium are of the same diameter. Hayes (1953) 
and Parks (1955) incorrectly asserted that all three 
spermathecal ducts converge to form a single com- 
mon duct. The walls of the long, sinuous spermathe- 
cal ducts of A. aegypti are thick, having regularly 
spaced, dark, circular bands (fig. 7). The lumen is 
about twice as the thickness of the 
Round and ovoid nuclei are congregated around the 
ducts. A distinct taenidiallike lining was not ob- 
served within the two lateral spermathecal ducts: 
it is possible that taenidial rings are present in the 
uppermost portion of the large spermathecal duct. 
Kulagin (1901), Stephens and Christophers (1904), 
Patton and Cragg (1931), Macfie and Ingram 
(1922), and Perfiliev (1930) refer to a taenidiallike 
lining of the spermathecal ducts in mosquitoes and/or 


wide as wall. 
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to muscles around the ducts. Bodenheimer (1924) 
refers to nonstriated circular muscles on the sperma- 
thecal ducts of Tipula. Brelje (1924) and Polovo- 
dova (1947, quoted by Detinova 1959) refer to glands 
situated on the spermathecal duct. The spermathecae 
of A. aegypti are smooth, dark brown, spherical ob- 
jects without perforations or other markings, and 
are located at the anterior end of the eighth abdomi- 
nal segment; they are loosely embedded along with 
their ducts in dense fat body. A very thin outer 
protoplasm surrounds each spermatheca. 
A mass of tissue at the base of the spermathecae may 
possibly be glandular as suggested by Polovodova 
(1947) and Burcham (1957). Immediately 
terior to the openings of the spermathecae, a single, 
small, globular accessory gland (“mucus gland” of 
Christophers (1923), “caecus” of Christophers 
(1960), “cement gland” of Howard et al. (1913), 
“spermathecal gland” of Detinova (1959), (fig. 7, 
\G)) sends forth a short, hyaline, very thick walled 
duct which upon entering the reproductive canal has 
a thin brown lining of cuticle (fig. 7, AGd). The 


layer of 


pos- 


accessory gland has medium size and large, clear, 


spherical droplets. In addition, very fine granules or 
droplets may be present within the gland. Very fine 
granules are clustered about the dilated, cuticle-lined, 
bulblike portion of the duct inside the gland (fig. 7, 
AGb). When stained wth Ehrlich’s haematoxylin 
the accessory gland is seen to have many uniform, 
large, peripherally located, round nuclei, each with a 
single distinct nucleolus. 

As described by Hodapp et al. 
nonmuscular (7), distensible dorsal 
copulatrix, opens into the vagina or atrium of A. 
aegypti (figs. 2 and 7, BC); the bursa is lined with 
cuticle. Christophers (1923) originally described the 
bursa copulatrix of mosquitoes as a small pouch or 
“cul-de-sac of the atrium”. Hayes (1953) confused 
the bursa with the vagina. Parks (1955) and Chris- 
tophers (1923) incorrectly thought that the accessory 
gland opened into (through?) the bursa copulatrix 
of mosquitoes. In dragonflies, the accessory glands 
are said to empty into a muscular bursa (Tillyard 
1917). Brelje (1924) has described and diagram- 
matically figured the bursa in Aedes, Culex, Theo- 
baldia and Mochlonyx; although Brelje did not find 
a bursa in Anopheles, Mer (1932) figures it in A. 
elutus. The spermathecae, accessory gland, and the 
bursa copulatrix all open into the atrium through 
a hitherto unnoticed flattened structure somewhat 
resembling the figure « (fig. 7, Dp). This struc- 
ture is tentatively referred to as the dorsal plate. 
The spermathecae and accessory glands lie in a de- 
pression formed by the relaxed common oviduct. Ac- 
cording to Christophers (1960), the vagina of mos- 
quitoes is lined with a thick, transparent cuticular 
intima. Parks (1955) found a ventral, dorsally di- 
rected flap anterior to the spermathecal duct openings. 
Burcham (1957) termed this the vaginal 
Polovodova (1947, quoted by Detinova 1959) stated 
that the vagina of Anopheles possesses a wide proxi- 


(1960) a large, 
sac, the bursa 


valve. 
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mal portion and a narrow efferent zone where a 
powerful sphincter is located. 

Dissections of A. aegypti in which an egg had 
become permanently locked in the stretched vaginal 
lips showed the existence of an orifice direct to the 
bursa copulatrix. This slitlike opening lies between 
the upper vaginal lip and the postpygidial plate ( Ho- 
dapp et al., 1960) (fig. 2, C). It is exceedingly diffi- 
cult or impossible tc demonstrate this opening by 
dissection except when the vaginal lips are stretched 
by an emerging egg. Christophers (1923) stated that 
the rudiment of the bursa copulatrix formed a distinct 
opening on the anal segment of the larvae, and was 
fully aware at that time that this invagination corre- 
sponded to the region that would form the ejaculatory 
duct of the male. Burcham (1957) stated that in 
A. aegypti the basistyles of the male push the post- 
pygidial plate dorsally and that the aedeagus is in- 
serted between the atrial plates within the vagina. 
We suggest, however, that the aedeagus is actually 
inserted into the orifice above the upper vaginal lip 
(figs. 1 and 2, C). 

The terminal abdominal ganglion of A. aegypti 
adults represents the fused seventh and eighth ab- 
dominal ganglia of the larva, and is noticeably larger 
than any other abdominal ganglion (fig. 3, TG). It 
is situated at the anterior end of the seventh abdomi- 
nal segment (fig. 2). As described by Hodapp et al. 
(1960), the terminal abdominal ganglion sends off 
a lateral trunk, one branch of which innervates the 
lateral oviduct (fig. 3, Nlo) and the base of the ovary 
(fig. 3, Nbo). The posterior connectives of the ter- 
minal ganglion pass through the arms of the lateral 
oviducts (fig. 2). The first nerve that branches from 
the connective innervates the base of the lateral ovi- 
duct (fig. 3, Nlo). Each connective then bifurcates 
into two large branches (fig. 3). One of these 
branches proceeds dorsally and innervates the hind 
gut (fig. 2, Nhg) and the cerci (fig. 2, Ne), and 
very possibly the anal region (fig. 2); the other 
branch of the connective proceeds ventrally to in- 
nervate the common oviduct (fig. 2, Neco), the region 
where the ducts of the spermathecae and accessory 
gland empty, and the vaginal region (fig. 2, Nv). 
These findings are in fairly close agreement with 
what Polovodova (1953) found in Anopheles. In A. 
aegypti, however, the ovarian nerve does not appear 
to proceed up the ovary, and thus does not send out 
many lateral twiglets. It is uncertain whether a 
nerve goes directly to the spermathecae of 4. aegypti, 
as Polovodova indicates for Anopheles. It is also un- 
certain whether Polovodova’s nerve IV (the “odd” 
branch) is present in A. aegypti. In some other in- 
sects it is known that the terminal abdominal ganglion 
sends nerves to the lateral oviducts and/or to the 
ovaries (Palm 1948, Albrecht 1953). 

Lateral inspection of the abdomen of a nongravid* 
female A. aegypti reveals that the eighth abdominal 

®Nongravid refers here and throughout this paper to a 
mated or unmated female in which the oocytes within the ovary 


have not yet undergone any significant change in either size or 
development of yolk granules 
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lic. 1—Ventral, semidiagrammatic view of the female reproductive system of Aedes aegypti, showing dorsal 
heart (H) with its supporting alary muscles, the terminal ovarian filament (F) fused underneath the heart between 
the second and third abdominal segments (II, III), the secondary attachments of the terminal filament (Fa), ih 
ovoid zone (Oz), the ovaries (QO) between which may be seen a portion of the ventral nerve cord, the lateral ovi 
ducts (Lo), the ampullar region (A) with somatic muscle attachments (Sm), the common oviduct (Co) extended 
for clarity, the lateral spermathecae (LS), the eighth sternum or anal segment (AS), the insula (1), the vaginal 
lips (VL), the slitlike entrance (C) into the bursa copulatrix, the postpygidial plate (pp), and the dorsal cerci 
(Cr). Tracheal attachments are not shown. 


Fic. 2—Lateral, diagrammatic internal view of the reproductive system of female Aedes aegypti, showing ovary 
(QO), lateral oviduct (Lo), bursa copulatrix (BC), and terminal abdominal ganglion (TG) which sends nerves 
to ovary and lateral oviduct (Nlo), nerve (Ngh) to hindgut, nerve (Nc) to cerci (Cr), nerve (Neco) to common 
oviduct, nerve (Nv) to vagina (V), vaginal lip region, and to postpygidial plate (pp) (see text). Spermathecae 
(S), spermathecal ducts (Sd), accessory gland (AG), and its duct (AGd) empty into the atrium. The copulatory 
orifice is shown enlarged at C. 


Fic. 3—Reconstruction of principal nerves to reproductive tract. VIG, sixth abdominal ganglion; TG, terminal 
abdominal ganglion; Nlo, nerves to lateral oviduct; Nbo, nerve to base of ovary; Neco, nerve to common oviduct; 
Nsp. nerve to spermathecal-accessory gland duct region; N hg. nerve connective to hindgut. 


Fic. 4.—A portion of the terminal filament of the ovary anterior to the central ovoid zone, showing the nuclei 
the fine, faintly staining longitudinal strands, and the folds in the filament that suggest cross striations. 


Fic. 5—A view of the central ovoid zone of the terminal filament with its cluster of small nuclei and the fine 
connecting strands. 


Fic. 6.—Semidiagrammatic view of the base of the ovary (OQ), showing the syncytiallike arrangement of the 
thin, greatly flattened, cross-striated muscles, and the appearance of the lateral oviduct (Lo). 


Fic. 7—An enlarged, semidiagrammatic view of the structures emptying into the dorsal plate (Dp) of the 
atrium; accessory gland (AG) with its internal bulb (AGb) and thick hyaline duct (AGd); the duct to the large 
spermatheca (Sd1) and bursa copulatrix (BC). The two ducts to the lateral spermathecae (Sd2) fuse to 
form a short common duct (Sdcd) before emptying alongside the other spermathecal duct. 
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segment is mostly retracted within the seventh, but 
the tips of the distally notched eighth sternum (‘anal 
segment”) are visible, and the thin, dorsal, paddle- 
shaped cerci (tenth abdominal segment) are readily 
When the eighth abdominal segment is fully 
A -Shaped ninth tergum can be 
easily identified, and a trigger-shaped, distally 
notched, somewhat dorsally curved postpygidial 
(postgenital plate can be clearly seen (fig. 2, pp). 
The postpygidial plate represents the fused tenth and 
eleventh sterna according to Gerry (1932). The 
anus is situated dorsal to the postpygidial plate, and 
the wide dark brown lips of the vagina are ventral 
to it (fig. 2). The dorsal lip of the vagina is the 
modified ninth sternum and is hinged to the post- 
pygidial plate. The hinges between the vaginal lips 
are highly modified portions of the ninth sternum ac- 
cording to Gjullin (1937). In unmated or nongravid 


vaginal lip protrudes con- 
? 
2): 


seen. 
extended, the small 


mosquitoes the dorsal 
siderably beyond the ventral lip or sigma (fig. 
A triangular sclerite (the insula) is attached to 
the ventral vaginal lip (fig. 1, 1). An excellent de- 
scription of dissected external genitalia of A. aegypti 
is given by Gerry (1932). Before an egg is laid the 
ventral vaginal lip is shifted immediately below the 
dorsal lip. As the egg greatly distends the vaginal 
lip, the upper lip is seen to be completely fused 
medially. The internal faces of both lips are densely 
fringed with fine, short, black hairs (fig. 1). 


CONTRACTIONS OF THE FEMALE REPRODUCTIVE 
TRACT 

intact A. aegypti, anteriorly directed, 
large-wave contractions of the ovaries could be seen 
inside the living animal, but generally they were 
not clearly visible. If, however, a long, thin, lateral 
piece of the body wall is carefully cut from a living 
Aedes female, and the treated adult positioned in a 
drop of Ephrussi-Beadle saline’ (phosphate-buffered 
to pH 6.8) on a glass slide (which is then inverted 


In a few 


over the concavity of a large depression slide), one 
may readily see the contractions of the heart, hind 
gut, and ovaries in situ under the microscope. In 
such a preparation the accordionlike movements of 
the lateral oviducts and ovaries are by far the most 
vigorous and striking contractions within the entire 
body. This type of preparation will be referred to 
as semi-intact. 

If the anterior end of the seventh abdominal seg- 
ment is slightly torn with a pair of fine-pointed for- 
ceps, both ovaries can be easily extracted by gently 
pulling on the loosened seventh segment while hold- 
ing the abdominal tip in a drop of saline. Most of 
the alimentary canal can be removed following this 
operation and the ovaries may be observed while 
still attached to the terminal abdominal segments 
(segments 7 and 8), that is, with the nervous con- 
nections left intact. This type of preparation will be 
Ovaries may then be 


referred to as semi-isolated. 


7 Ephrussi and Beadle (1936). 
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completely isolated by dissection with finely pointed 
needles. Preparations in which most of the tracheae, 
all visible nerve connections, and the common ovi- 
duct have removed from the ovaries will be 
referred to as isolated. 

In a semi-intact preparation the ampullae rhythmi- 
cally twitch, the lateral oviducts contract vigorously, 
and a wave sweeps anteriorly up into the ovary. Some 
contractions involve only the lowermost portion of 
the ovarian tunic, other contractions pass half-way 
up, and still others traverse the entire ovary up to 
the ovarian filament. Ovaries within the same in- 
dividual A. aegypti do not contract synchronously in 
either semi-intact or semi-isolated preparations. (In 
mammals the two arms of the uterus are known to 
contract independently of each other (Reynolds 
1949).) Ovaries dissected from last stage A. aegypti 
larvae and from pupae did not contract at all. Grace 
(1958) asserted that silkworm (B. 
mort) begin contracting in the pupal stage, but 
in the promethea moth, Callosamia promethea 
(Drury), he did not observe contractions until the 


been 


ovaries of the 


adult stage had been reached. 

In semi-isolated preparations the ovaries and/or 
lateral oviducts contract mostly anteriorly, that is, 
anti-peristaltically, although contractions in the op- 
posite direction are also seen. The posteriorly-di- 
rected contractions (peristalses) originate within the 
ovarian sheath itself and are much more slowly con- 


ducted than the anteriorly-directed waves. In iso- 


lated preparations several types of contractions can 


be noted. Contractions may start at either end and 
pass the full length of the ovary, or two waves may 
start simultaneously (or nearly so), one from each 
end, and collide near the center of the ovary, or 
less frequently, contractions may originate at (or 
near) the center of the ovary and extend simul- 
taneously both anteriorly and posteriorly. (Peristal- 
tic and antiperistaltic contractions occur in the re- 
productive tract of mammals (Hartmann 1939).) 
In addition to these contractions, various portions 
of the ovarian sheath may undergo small local con- 
tractions or twitches which are not conducted. Even 
though these twitches are considered abnormal, it is 
of considerable interest that the apparently syncytial 
character of the ovarian muscles permits their occur- 
rence. Some isolated ovaries contract so vigorously 
that they actually move forward out of the micro- 
scopic field in a vermiform manner. In A. aegypti 
the ampullae, lateral oviducts, and ovary are each 
capable of independent rhythmic activity. 

Ovaries from some adults did not contract at all, 
or contracted so feebly that they could not be ac- 
curately counted, although the adults had been reared 
in the same manner as those ovaries con- 
tracted vigorously. Noncontracting or feebly con- 
tracting ovaries were found especially among newly 
emerged adults of the Bangkok strain. Isolated or 
semi-isolated ovaries from newly emerged adults of 
this strain also suddenly stopped contracting after a 
short period of time. In none of the 


whose 


relatively 
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preparations examined during this study did the sus- 
pensory filaments themselves undergo rhythmical con- 
tractions. This is not in agreement with Berkeley 
(1902), who stated that the anterior ovarian fila- 
ment in “mosquitoes” contracted in the fresh state. 
Although rhythmical contractions were never ob- 
served in the common oviduct below the ampullae, 
it is passively tugged either anteriorly by the power- 
ful, antiperistaltic contractions of the lateral ovi- 
ducts or posteriorly by the contractions in the vaginal 
region. 

The number of seconds required for a freshly ex- 
posed ovary to contract 10 times was noted during a 
period of 5 to 15 minutes, 10 consecutive records 
usually being taken from a single ovary. When fresh 
saline was added, the rate usually increased in 
isolated preparations which were already contracting 
well. The same effect could be produced by gently 
shaking the slide, or by pulling the ovary at each 
end with fine pointed forceps. When the ovaries 
contracted poorly initially or ceased contracting soon 
after isolation, they usually did not respond to addi- 
tion of saline or to shaking of the slide. Semi- 
intact preparations contracted much longer and far 
less erratically than either semi-isolated or isolated 
ovaries. 

Ephrussi-Beadle saline was used for all studies on 
the contractions of the reproductive tract because it 
was found that Wyatt’s medium (Wyatt 1956) in- 
stantly caused the ovaries of A. aegypti to cease con- 
tracting. The contractions would return after wash- 
ing with Ephrussi-Beadle saline. Grace (1958) ob- 
served in tissue cultures of the ovaries of Callosamia 
that the muscle sheaths first began to contract 16 
days after culturing. 

A series of detailed studies first made on 
either semi-isolated or isolated ovaries of the NIH 
strain of A. aegypti to determine the effects of age, 
mating status, blood meal, removal of brain, and re- 
moval of the prothorax. Essentially these experi- 
ments were designed to show whether the contrac- 
tions of the ovaries and/or lateral oviducts were in- 
fluenced by hormones. Recordings were made on 4 
to 10 ovaries taken from each of the following groups 
of A. aegypti mosquitoes: (1) nine batches of sugar- 
fed virgins examined daily from time of emergence 
to 8 days; (2) nine batches of sugar-fed A. aegypti 
kept with an excess of males and examined daily 
(3) eight batches 


was 


from time of emergence to 8 days; 
of 3- to 4-day-old virgins given blood meals from a 
guinea pig and examined thereafter at intervals be- 
tween 1 and 72 hours; (4) four batches of decapi- 
tated 0- to 3-day-old virgins, examined after 24 and 
48 hours; (5) one batch of virgins in which the 
prothorax was cut off; and (6) one batch of blooded 
virgins examined 12 hours after oviposition. 
Variation between the groups of isolated or semi- 
isolated ovarian contraction rates from the NIH 
strain of A. aegypti was extremely large, from 10 to 


8A. aegypti became fertilized on the second and third day 


of adult life. 
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17 fold (table 1). Individual variations within a 
group were from 1.1 to 8.5 fold (average 2.8 fold). 
Without statistical analysis it was obvious that no 
significant differences could be detected in ovarian 
contraction rates between virgins and nonvirgins 
over an 8-day period (table 1). Thus, and 
sexual status do not affect ovarian or oviducal con- 
traction rates in A. aegypti. (In the vertebrates 
there is said to be a depression of muscular activity 
of the Fallopian tubes following fertilization (Reyn- 
olds 1949).) 

Examinations of virgin A. aegypti 1, 3, 5, 7, 12, 
24 and 48 hours following a blood meal did not re- 
veal significant changes in the isolated or semiisolated 
contraction rates (table 1). 
(During sexually states the mammalian 
ovary is immobile but the Fallopian tubes show con- 
tinuous feeble (Reynolds 1949).) 
Seventy-two hours after the blood meal the ovaries 
of A. aegypti were so distended with ripening oocytes 
that contractions were visible in only two out of 
Where contractions occurred they 


age 


ovarian or oviducal 
quiescent 


contractions 


seven mosquitoes. 
proceeded at a normal rate. No 
greatly distended ovaries were detected in three mos- 
hours after a blood meal. Thus, the 
nutritional status (relative to the blood meal) of 
the adult does not necessarily affect the contractions 


movements of the 


quitoes 96 


of the ovaries or lateral oviducts, but great disten- 
sion of the ovaries clearly prevents vigorous large 
sheath, and tends to stop 
ovaries. (In vertebrates 
( Hart- 


wave contractions of the 
the contractions of the 
uterine motility is lowest during pregnancy 
man 1939).) 

Decapitation of mosquitoes removes the source of 
hormones secreted by specialized cells in the brain 
(Gillett 1955a) ; of this source did not affect 
ovarian or oviducal contractions of nongravid NIH 
A. aegypti virgins for at least 48 hours (table 1). 
By cutting off the prothorax the source of the secre- 
tions of the corpora allata-cardiaca complex are elimi- 
nated (Detinova 1945). Their removal did not alter 
ovarian or oviducal contractions of NIH A. aegypti 
(Table 1). These two experiments indicate that 
the ovarian and contractions do not re- 
quire continuous secretions from endocrine glands 
which are known to be essential for the maturation 
of eggs inside the (Larsen and Bodenstein 
1959). Twelve hours after deposition of 98 to 132 
eggs the ovaries isolated from nine virgin females 
contracted at similar to those of nongravid 
mosquitoes (table 1). (In rabbits the post-parturient 
uterus contracts essentially as in the estrus state 
(Cross 1959).) Although the two ovaries and/or 
lateral oviducts of A. aegypti contract independently 
of each other, eggs are discharged from both ovaries 
at about the same rate so that they usually become 
emptied of mature eggs nearly simultaneously. The 
same occurs in Anopheles (Polovodova 1947, quoted 
by Detinova 1959). The mechanism allowing this 
to occur with relative precision is unknown. 

A few experiments were made to see whether 


remov. 


oviducal 


ovary 


rates 
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Table 1.—Contractions of ovaries and/or lateral 


in Ephrussi-Beadle saline at 23° to 28° C. 


Status of mosquito 


NIH strain* 


Virgin, sugar-fed, 0-8 days; one batch examined 


daily 


With excess males, sugar-fed; 0-8 days; one batch 


examined daily 


Virgin, sugar-fed, 3-8 days old; examined between 
1 and 48 hours after blood meal 


Virgin, sugar-fed, decapitated 0-3 days old; data 
either 24 or 48 hours after decapitation 


Virgin, sugar-fed, deprothoraxed; data after 36 


hours 


Virgin, blood- and sugar-fed; data 18 hours after 


oviposition 
Bangkok strain 


Virgin, sugar-fed, 0-8 days; one batch examined 


daily, isolated preparation 


Virgin, sugar-fed, 0-8 days; one batch examined 


daily, semi-intact preparation 


4 Isolated or semi-isolated preparations examined. 


fP.p-DDT would have an effect on semi-isolated or 
NIH strain. No difference 
was found between the ovarian or oviducal contrac- 
tions of saline controls, 1% acetone saline controls, 
10-* DDT in 1% acetone saline during a 10- 
minute observation period. Perhaps a more prolonged 
study definite effect; however, 
Mohan has shown if Anopheles stephensi 
are half-gravid, contact exposure to DDT does not 
inhibit development of odcytes and that fertile eggs 
are laid. 


isolated ovaries of the 


and 


would reveal 


(1955) 


some 


When isolated or semi-isolated ovarian or oviducal 
contractions were recorded from the Bangkok strain 
ot A. aegypti, it found that the rates were 
significantly faster than in the NIH strain (table 1). 
For the Bangkok strain, between-group mean varia- 
tion in the isolated preparations was 6.6 fold. In- 
dividual isolated or rates varied from 
1.2 to 3.1 fold fold). The Bangkok 
strain showed no significant change in ovarian or 
oviducal contraction rates up to 8 days (table 1). 
Semi-intact ovarian contractions taken from virgin 
unblooded mosquitoes of this strain had a between- 
group fold. Individual rates 
varied from 1.1 to 3.8 fold (average 1.5 fold). 


was 


semi-isolated 


(average 1.7 


mean variation of 7.4 


INDUCED OVIPOSITION 


The important work of Putnam and Shannon 
(1934) showed that a Brazilian strain of A. aegypti 
at 27° C. takes its first blood meal when 63 to 72 


hours old and lays eggs about 3 days after engorge- 
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NIH and Bangkok strains of Aedes acgyptt 


Seconds for 10 contractions 


Mean + S.E. Range of individual 


used variation 


95.8 
90.0 


598 


59.4 


ment. They also found that the number of eggs in- 
creased with age, number of blood meals, and num- 
ber of oviposition periods. MacDonald (1956) found 
6% to 79% (average, 34.2%) of a Malayan strain of 
A. aegypti failed to become gravid when fed 1 to 4 
days after emergence; this strain laid 33 to 70 eggs 
per female, with an average of 58.3 eggs. 

In the present study with the Bangkok strain of 
A. aegypti, about 25% to 90% (average, 57%) of the 
sugar or water fed, nulliparous virgins offered two to 
three quinea-pig-blood meals on the first through the 
fourth day of adulthood laid 6 to 174 eggs (aver- 
ages ranged from 50 to 137 eggs), with an overall 
average of 77 eggs per individual when prevented 


from depositing their eggs for 2 to 4 days, at 24° to 


28° C. and 50% to 80% relative humidity. Dr. Paul 
Woke informs us (personal communication, unpub- 
lished data) that 32 mosquitoes of a Puerto Rican 
strain of A. aegypti after accepting a single first 
blood meal from a guinea pig on the seventh day of 
adulthood, laid 38 to 137 eggs (see also Woke et al., 
1956). His females were caged with males during 
the first 7 days. Christophers (1960) reported that 
A. aegypti if fed 5 to 7 days after emergence lay 
more regularly than if fed earlier. Lang (1956) 
showed that mated A. aegypti lay significantly more 
eggs than unmated Burcham (1957) found 
that mated A. aegypti lay about 176 eggs whereas 
unmated ones lay only 47. He noted that mated 4. 
aegypti laid all their eggs whereas 77.3% of the un- 
mated ones did not. 


ones. 
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When fully gravid’ virgin A. aegypti of the Bang- 
kok strain are anesthetized by chilling (2 to 5 
minutes), or ether vapors (15 to 30 seconds), or 
carbon dioxide vapors (15 to 60 seconds), they do 
not immediately begin to oviposit when placed in 
moist chambers at 24° to 28° C., but 60% of them 
usually do so within about 4 hours. If fully gravid 
virgins of the Bangkok strain are partially or com- 
pletely decapitated, 50% to 100% of them deposit 
1 to 73 eggs (average of about 8 eggs). When a 
ventral part or all the thorax is then removed from 
decapitated virgins, 50% to 91% of them lay 1 to 58 
eggs (average of 14 eggs). If the abdomen is cut 
at the fourth or fifth segment, 56% to 100% of the 
terminal portions of their abdomens will deposit 1 
to 29 eggs (average of about 4 eggs). Mated A. 
aegypti of the Bangkok strain respond essentially 
in the same manner to this sequence of treatments. 
Thus, fully gravid mated or unmated A. aegypti may 
be surgically induced to lay about 25 eggs on either 
wet or completely dry surfaces. Removal of legs, 
wings, halteres, mouth parts, or antennae did not in- 
duce egg laying. Slicing through the head capsule 
either mid-sagitally, mid-frontally or mid-horizon- 
tally rapidly elicited egg deposition. Smashing the 
head with forceps and exposure to nicotine vapors 
also induced oviposition. DeCoursey et al. (1953) 
obtained 16 to 53 eggs from Aedes sollicitans treated 
with various insecticides. Wallis and DeBishop 
(1957) after exposing Aedes canadensis to “cigar- 
ette”’ smoke obtained 7 to 88 eggs (average 38). 

In many of the experiments with the Bangkok 
strain of A. aegypti, gravid females would not lay 
their fully ripened eggs after either decapitating, 
dethoraxing and/or removal of the fourth abdominal 
segment. Usually these females could be recognized 
immediately after anesthesia by the fact that their 
eighth abdominal segment was not initially extended. 
However, similar but untreated when 
placed in moist vials or petri dishes usually deposited 


mosquitoes 


their eggs in less than 12 hours. 
When gravid 4. aegypti are decapitated the first 
140 


cases ). 


egg emerges in 7 to seconds, in an average 
of 60.9 (26 (In the chicken the 
mean time between ovulation and oviposition is 32.3 
minutes (Phillips and Warren 1937); expulsion of 
a rabbit foetus occurs in less than 30 seconds (Cross 
1959).) DeCoursey et al. (1953) stated that when 
A. sollicitans are decapitated oviposition starts “im- 
mediately” and continues for many hours. (Accord- 
ing to Smith (1956) the beetle Lyctus lays an egg 
in 45 seconds.) If the thorax of A. aegypti has been 
injured before decapitation, the female lays the first 
egg in 15 to 25 seconds (two cases). If the thorax 

| a gravid virgin is severed from the abdomen, she 


secon l S 


lays the first egg in 55 to 110 seconds, in an average 
of 72.5 seconds (six cases). If the gravid virgin has 


been decapitated prior to removal of the thorax, how- 


here and elsewhere in this 
ripened eggs within the 


® Fully gravid and gravid refer 
study to a female possessing completely 
ovaries 
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ever, the first egg emerges significantly faster (in 
2 to 50 seconds), in an average of 14.3 seconds (23 
cases). When the fourth or fifth abdominal segment 
is cut off a previously decapitated and/or dethoraxed 
gravid virgin, the first egg emerges in 1 to 55 
seconds, in an average of 12.4 seconds (14 cases). 

Under natural conditions A. aegypti, according to 
Agramonte (1902), deposit three eggs in 1 minute 
and the female is stated to rest 30 seconds after every 
sixth to eighth egg. Anopheles punctipennis lay about 
10 eggs in 1 minute according to Aitkin (1945); 
Rozeboom (1936) found that Anopheles albimanus 
laid 129 eggs in 10 minutes. Sabethes are 
eject a few eggs in a fraction of a second (Galindo, 
1957, 1958). 

Nongravid and partially gravid’ A. aegypti can- 
not be induced to lay their eggs by decapitation and 
subsequent removal of the thorax and then cutting of 
the fourth or fifth abdominal segments. Thus, move- 
ment of eggs into the lateral oviducts requires full 
ripening of the eggs. 

Gravid Anopheles quadrimaculatus did not lay eggs 
when decapitated (three cases) or when dethoraxed 
(three Gravid Culex tarsalis did not lay 
eggs when decapitated (four 
thoraxed (three cases). 


said to 


cases ). 
cases) or when de- 


OVIPOSITION ACTIVITIES 

(1957) that A. aegypti prefer 
free, rough (see also Beckel 1955), low reflecting 
water surfaces as oviposition sites. Hudson’s work 
(1956) revealed that A. aegypti detect the site of 
oviposition through chemoreceptors on all tarsi and 
possibly on tibiae as well. 

As Wallis (1954a) has shown, gravid 4. aegypti 
exhibit little activity prior to seeking an oviposition 
site. The female alights on the water surface, with 
all of her six feet; she then walks to the edge of 
the water and lifts her metathoracic legs and moves 
them up and down synchronously. According to 
Wallis (1954a) a clear droplet appears on the ovi- 
positor, her hind legs then stop moving, wipe the 
ovipositor, and scrub together. The female simulates 
egg deposition for a varying period, before settling 
down to egg (Wallis 1954a). She walks 
slowly about during oviposition (Wallis 1954b). 

As Haddow and Gillett (1957) and Gillett et al. 
(1959a, 1959b) have shown an oviposition cycle oc- 
curs in A. aegypti. This cycle, they found, results 
from an endogenous 24-hour rhythm which becomes 
apparent in the presence of changing conditions of 
light and darkness. Thus, female A. aegypti will 
not alight on the water surface at all until she has 
been activated at a certain time of the day by this 


O’Gower showed 


laying 


endogenous mechanism. 

When A. aegypti (Bangkok strain) are decapitated 
or dethoraxed the normally retracted eighth abdomi- 
nal segment in 87% of them is fully extended within 


10 P; gravid indicates that the oocytes within the ovary 


least half their development but are not yet 


artially 
have undergone at 
completely ripened. 
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less than 1 minute. In both treated and untreated 
mosquitoes which are about to lay eggs, the dorsal 
cerci and postpygidial plate are appressed and shifted 
to a more ventral position, and the cerci sometimes 
twitch spasmodically or move back and forth; the 
spermathecae are thrust vigorously and repeatedly 
dorsally and posteriorwards, and the eighth abdominal 
segment may be directed ventrally or dorsally, or 
occasionally bent to one side or the other at an 
angle. Behavioral activity and reactions of the termi- 
nalia after the normal female mosquito has landed on 
the laying substrate can be referred to as oviposition 
activities. In many females lateral contractions of the 
eighth abdominal segment can be seen. In a single, 
treated, egg-laying female the eighth abdominal seg- 
ment made 10 contractions every 6.2 to 9.8 seconds 
(average 7.5 seconds). When the decapitated mos- 
quito regains her normal position, her abdomen tends 
to be ventrally directed so that the tip almost touches 
the substrate. Responses of the terminalia that occur 
during normal egg laying as well as after decapita- 
tions of nongravid, partially gravid, and fully gravid 
A. aegypti will be referred to as activated terminalia 
reactions. When nongravid A. aegypti are decapi- 
tated or dethoraxed, the abdomen makes conspicuous, 
rapid breathing movements and periodic waves (at 
10 to 15 second intervals) may pass caudally over 
the fourth to sixth abdominal but these 
movements do not occur in fully gravid egg-laying 
A. aegypti. In them the sixth abdominal segment 
may contract and the abdomen may sometimes exert 
an apparently continuous over-all compression; this 
is not, however, always evident and is definitely not 
related to extrusion of eggs in A. aegypti. In these 
studies we did not observe the clear droplet on the 
ovipositor which Wallis described (1954a). Roze- 
boom (1936), in observing A. albimanus during ovi- 
position, states that “the first part of an egg would 
come out slowly; then, when almost half of the egg 
was protruding there would be a sudden abdominal 
contraction, causing the egg to shoot out rapidly.” 
Herms and Freeborn (1921) also commented on the 
sudden “jerk” of the abdomen of Anopheles when an 
egg was deposited. This not observed in A. 
aegypti which were induced to lay eggs. According 
to Polovodova (1947, quoted by Detinova 1959) the 
egg in Anopheles mosquitoes emerges halfway out of 


segments ; 


was 


the vagina and is ejected in 20 to 30 seconds. 

When A. aegyfti are decapitated, the eighth ab- 
dominal segment extends in about 34 seconds (aver- 
if dethoraxed, it extends in about 
(average of The eighth ab- 
dominal segment may fully extend and then be par- 
tially retracted at periodic (5 to 10 seconds) or 
aperiodic intervals, or may be fully extended and 
stay extended for long periods (up to 14 minutes, 
at which time observations were discontinued) even 
after the last egg has been deposited. In some in- 
dividual 4. aegypti (Bangkok strain) which do not 
lay eggs, but which give activated terminalia reac- 


tions, the eighth abdominal segment will often extend 


age of 30 cases); 


50 seconds 9 cases). 
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for only a very brief period and then fully retract. 
In fully gravid A. aegypti the eighth abdominal seg- 
ment may be partly or even fully extended before any 
operation is performed. The activated terminalia re- 
actions in A. aegypti—especially extrusion of the 
eighth abdominal segment—seem to be definitely 
stimulated by a previous operation. 

In a series of induced oviposition experiments in- 
volving 92 blooded virgins, 66.3% laid eggs, 20.7% 
did not lay eggs but had typical activated terminalia 
reactions, and 13%, though possessing fully ripened 
eggs within the ovaries, did not give any activated 
terminalia reaction and did not deposit eggs. Among 
those that laid 16.3% had an egg (usually 
the first one) lodged between the vaginal lips: 46.7% 
of these could be induced to dislodge the egg with 
subsequent treatments. were often 
misshapened by pressure of the vaginal lips. Females 
unable to dislodge the egg made extremely vigorous 


ror 
esss, 


Dislodged eggs 
5 55 


efforts to do so. 

During these studies an egg often 
descend into the eighth abdominal segment of the 
This egg would then be either 


was seen to 


operated animals. 


sucked back up into the seventh abdominal segment 
(or up into the lateral oviduct) and never laid at 
all, or the egg would remain for 0.1 to 36 seconds 


within the eighth abdominal segment (average of 
10 seconds for an exceptionally good egg layer where 
14 records were made) before emerging between the 
violently twitching vaginal lips (10 twitches in 4 to 
7.6 seconds ). 

As the egg emerges the postpygidial plate is thrust 
(forced?) dorsally” to block the anal opening, the 
cerci are passively spread apart, and the canoe-shaped 
egg fully extruded with the micropyle at the posterior 
end. MacFie and Ingram (1922) stated that the cerci 
of mosquitoes played a part in the manipulation of 
the egg. This is not the case with our 4. aegypti. 
The eggs may be laid singly or in a chain of variable 
length. Frequently this species will use the meta- 
thoracic legs to wipe off the dorsal tip of the abdomen, 
but they do this only when standing upright. Even 
slight pressure on the terminal face of the abdomen 
(e.g., by pressing the tip of a saline-filled pipette 
over it) will prevent an egg within the common ovi- 
duct from being laid. 

Although eggs are extruded at highly variable in- 
tervals (1 to 110 seconds), the first group of eggs are 
laid significantly more rapidly (at about 5 to 10 
second intervals) than the final ones (10 to 50 
second intervals or longer). A selected example of 
this is shown in table 2. Anopheles mosquitoes are 
said to deposit eggs at remarkably regular intervals 
(Herms and Freeborn 1921). 


THE MECHANISM OF OVULATION AND OVIPOSITION 


Gravid A. aegypti which have laid some eggs may 
still vigorously extend and contract the eighth ab- 
dominal segment without further ovulation or ovi- 


11 When A. aegypti egest, the postpygidial plate is thrust 
ventrally to cover the genital openings. 
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Table 2—Rate of egg deposition from a single Aedes 
aegypti (Bangkok strain), decapitated and then de- 
thoraxed. 


Time intervals (seconds ) 
between successive egg 
depositions 
Treatment Egg Number Range Average 
1-10 : 5.0 
11-20 4.6 
21-30 4.9 
31-40 10 5.9 
41-50 12 
51-60 10 
61-70 20 
71-80 20 
81-90 75 
91-97 30-100 


Decapitated 


Dethoraxed 1-10 - 10 


? 
11-22 2- 14 


position. The first extension of the eighth abdominal 
segment is only rarely synchronized with the de- 
position of the first egg that is laid, and later, periodic 
extensions of the eighth are often not followed quickly 
by deposition of an egg. Even violent contractions of 
the vaginal lips will not dislodge some eggs. Vaginal 
contractions possibly assist in the extrusion of the 
egg once the egg is in the eighth abdominal segment, 
but they are not specifically responsible for it—this 
is particularly evident where a series of eggs is 
being laid in rapid succession. Thus, while full ex- 
tension of the eighth abdominal segment and contrac- 
tions within it usually precede artificially induced 
egg laying, this extension is not directly responsible 
for bringing the ripened egg out of the ovary (ovula- 
tion) into the lateral oviduct, nor is it responsible for 
extrusion of the egg (oviposition). Possibly, the con- 
tractions of the atrial region are responsible for the 
vigorous movements of the spermathecae. 

When either the sixth, seventh, or eighth abdomi- 
nal segments are severed, the remaining part of the 
abdomen of a gravid female A. aegypti, if immersed 
in a drop of saline, is capable of extruding eggs. 
After many attempts, ovaries filled with completely 
ripened eggs were isolated with or without the lateral 
oviduct from both 4. aegypti and A. quadrimaculatus 
in a drop of Beadle-Ephrussi saline. These isolated 
ovaries were capable of effectively ovulating a few 
eggs into the saline. This indicates (1) that ovulation 
is not necessarily due to the activity of either the 
lateral or common oviducts, and therefore, (2) that 
contractions of the ovary alone are capable of re- 
leasing fully ripened eggs. 

Since everything about the induced oviposition ex- 
periments indicated that the nervous 
critically involved in both ovulation and oviposition, 
a series of fully gravid A. aegypti was examined in 
semi-intact preparations and then decapitated. When 
this was done it could be seen that in the semi-intact 
animal the vigorous rhythmical contractions of the 
lateral were much instrumental in 


system was 


oviducts more 
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sucking the ripened egg out of the distended ovary 
than the relatively weak, sliding undulations of the 
ovarian wall. The entrance of the egg into the lateral 
oviduct in these preparations stretched the tube to 
approximately twice its normal diameter and the egg 
was either quickly and vigorously thrust into the 
common oviduct, or was bounced rapidly back and 
forth within the pulsating lateral oviduct until a 
sharp contraction at the upper end or center of the 
lateral oviduct caused it to be thrust down the com- 
mon oviduct. 

To determine what role, if any, the common ovi- 
duct plays in extrusion of an egg, gravid A. aegypti 
were decapitated and an egg allowed to enter the 
common oviduct and, before the egg could be laid, the 
seventh and/or eighth abdominal segment quickly cut 
off and mounted in a drop of saline. Eggs within the 
common oviduct and even eggs partially emerging be- 
tween the vaginal lips were not laid. When the sixth 
abdominal segment was cut off a previously decapi- 
tated gravid mosquito with an egg in the eighth ab- 
dominal the egg extruded. Finally, 
direct observation was made on gravid A. aegypti 
in which a lateral window had been cut in the seventh 
and eighth abdominal segments. The females 
then decapitated and extrusion of the eggs was seen 
to be'due entirely to the vigorous contractions of the 
lateral oviduct, the common oviduct being quite pas- 
Some measurements made 


segment, was 


were 


sive during oviposition. 
on contractions of the lateral oviduct and ampullae 
females 
10 times 


in semi-intact preparations of egg-laying 
showed that the lateral oviducts contracted 
in from 4 to 4.8 seconds, while the ampullae twitched 


10 times in 4.8 to 6.0 seconds. 
DISCUSSION 


Although contractions have been observed in vari- 
ous parts of the female reproductive system in many 
insects (Tipula, Bodenheimer 1924; Aedes, Trager 
1938, Beckel 1956; Anopheles, Polovodova 1941; 
Culex, Hosoi 1954; Simulium, Wanson 1950; Culi- 
coides, Sharp 1928; Carausius, Enders 1955, Koller 
1955; Bombyx, Klatt 1920, Fukuda 1942, quoted by 
Kawase 1956; Plodia and Ephestia, Norris 1932; and 
Rhodnius, Davey 1958), they have not been studied 
in detail and apparently there is no quantitative data 
available for any given component of the reproduc- 
tive system in insects. Continuous contractions of the 
ovaries do not occur in all insects: e.g., in Bombyx 
they are said to occur only when mature eggs are 
being laid (Palm 1948). 
calcium to be essential for contractions of silkworm 
ovaries and believes that magnesium and potassium 
inhibit them. Although the contractions of the ampul- 
lae, lateral oviducts and aegypti 
subservient to the central nervous system in the in- 
tact animal, the fact that these portions of the re- 
productive tract are capable of contracting when 
completely isolated from nerves indicates that they 
indeed these 


Kawase (1956b) considers 


ovaries in A. are 


are essentially myogenic structures: 


components when isolated along with mostly intact 
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connections contract no differently from 
those in which the nervous connections have been 
deliberately and entirely stripped away. Thus, the 
nervous system clearly is not required for the con- 
tractions leading to ovulation and oviposition; none- 
theless, in the intact animal the nervous system very 
probably initiates ovulation and oviposition and is 
required to coordinate and continue the 
process. The interesting feature is that the nervous 
system acts upon a basically myogenic system. 

The investigations of Detinova (1945, 1953) 
Mednikova (1952), Gillett (1955a, 1956b, 1958), 
Clements (1956), Larsen (1958), and Larsen’ and 
Bodenstein (1959) have made it clear that in mos- 
quitoes the blood meal (or more stretching of the 
midgut with fluid) leads to stimulation of the ven- 
tral nerve cord, and that this stimulus reaches the 
neurosecretory cells of the brain, stimulating them 
to secrete a brain hormone which in turn activates 
the secretion of a hormone from the corpora allata 
that is essential to the maturation of the oocytes. 
Gillett (1956b, 1957, 1958) has demonstrated in 4. 


nervous 


surely 


aegypti that brain hormone is secreted between the 


sixth and twelfth hour after a blood meal if the 
animals have taken fruit juice, but it is secreted be- 
tween the fourth and eighth hour after a blood meal 
if they have not taken fruit juice. 

Endocrine secretions from the brain and/or cor- 
pora allata do not directly affect the contractions of 
the ovaries of A. aegypti, but indirectly they are 
responsible for a significant decrease in both the 
amplitude and number of ovarian contractions since 
they cause the odcytes to enlarge and stretch the 
ovarian sheath almost maximally. (In mammals 
uterine activity is said to be largely “dependent” on 
humoral balance (Parkes 1952).) 

Mer (1936) stated that insemination of Anopheles 
elutus stimulates oviposition but has no influence on 
maturation of the eggs. Roy (1940) believed that 
insemination alone in Anopheles subpictus leads to 
yolk formation and suggested that this was related 
to specific hormones. Ovulation in the Newala strain 
of A. aegypti has been shown by Gillett (1955b) to 
depend on mating, whereas the Lagos strain of 
aegypti ovulates without mating. Gillett (1956a) 
suggested that the unmated Lagos strain produces an 
ovulation hormone, while the unmated Newala strain 

Extra production of the ovulation hormone 
insemination of the strain (Gillett 
Since no Newala females oviposited after 


does not. 
follows 

1955b). 

mating with males exhausted of sperm, it is believed 
that the mechanics of mating itself is not a prerequi- 
site to ovulation (Gillett 1955b). Males exhausted 
of sperm were not able to fertilize females for about 
36 hours even though they copulated. Gillett (1955b) 
speculated that ovulation in the Newala strain could 
occur when the spermathecae were filled only with 
spermless seminal fluid. Dr. P. T. M. Lum (personal 
communication) has informed us that in his as yet 
unpublished studies on Psorophora howardii and 
Aedes taeniorhynchus seminal fluid alone is not trans- 


Lagos 
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ferred to the spermathecae. Mokia (1941) stated 
that spermatozoa stimulate oviposition in the silk- 
worm only when they are present in the spermathecae. 
(It is well known that various mammals (rabbit, 
ferret, cat) require external stimulation for ovula- 
tion (Hartman 1939).) Gillett (1956a) showed that 
ovulation in A. aegypti was not influenced by either 
the size of the blood meal or the number of developed 
oocytes. 

It has been suggested by Scharrer (1955) that the 
ovaries themselves may have an endocrine function: 
certainly the ovaries influence the size of the corpora 
allata (Thomsen 1940; Bodenstein 1947). Engle- 
mann (1957) suggested that developing eggs in the 
Leucophaea release a “substance” that 
brain to inhibit the effects of corpora 
allata hormone. In Blattella and Pycnoscelus cock- 
roaches, however, the eggs in the ootheca do not 
release a substance that acts on the brain to inhibit 
corpora allata secretions (Roth and Stay 1959). Ac- 
cording to Nayar (1958), the ovarian wall secretes a 
substance into the blood that causes the neurosecre- 
tory cells in the brain of the hemipteron /phita to 
produce a hormone which induces oviposition even 
in not fully gravid bugs. After implantations of 
neurosecretary cells, these insects deposited eggs in 
5 to 15 minutes. However, Palm (1948) found no 
evidence that the bumble had an 
endocrine function. 

That the great distension of the ovaries does not 
trigger the impulse to ovulation and oviposition by 
pressing on some nerve is suggested by the fact that 
A. aegypti do not always lay all their eggs at one 
time but may deposit them over several days. 

In the mosquito when the oocyte has completed 
its development, the follicular epithelium after secret- 
ing the chorion degenerates into a membrane ( Nichol- 
son 1921; Harwood and Horsfall 1957). This mem- 
brane (intima) “ruptures” or degenerates, but the 
eggs in A. aegypti do not necessarily enter the lumen 
(internal oviduct of Detinova 1959) of the ovary. 
In Anopheles mosquitoes Detinova (1959) reported 
that ovulation of the mature egg proceeds as follows: 


cockroach 
causes the 


ovaries of bees 


“Under the effect of the contraction of the 
ovarian muscles the egg begins to move forward 
through the distal end of the ovariole. The termi- 
nal pedicle is distended considerably and the 
egg passes through it into the internal oviduct. 
After the egress of the mature egg, there remains 

in the terminal pedicle the distended intima 
which forms a thin-walled, folded sac.” 


In A. aegypti we believe that the “rupturing” of 
the intima constitutes preovulation, an event that 
must precede but does not necessarily coincide with 
true (actual egress of the egg into the 
lumen of the ovary). Fully gravid A. aegypti (in 
which the follicular sheath does not restrain the fully 
ripened eggs) can effectively keep the ripened eggs 
from entering the ovarian lumen for many days (25 
days or longer; see Woke 1955) until an appropriate 


ovulation 
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site is located. This ability of deferring oviposition 
in the Bangkok strain in itself shows that true ovula- 
tion and oviposition are really under the control of 
reflex centers in the central nervous system. In the 
Newala strain, however, the females defer oviposition 
for as long as 23 days but lay them 2 days after mat- 
ing (Gillett 1955b). Once the Newala strain has 
mated, subsequent batches of eggs are laid as soon 
as the odcytes are ripe (Gillett 1955b). A. aegypti 
differs profoundly from /phita since it can deposit 
only fully ripened eggs. 

Numerous factors are known to affect oviposition 
in insects (Richardson 1925). Age, sexual status, 
moisture (Detinova 1945), light (De Zulueta 1950; 
Haddow and Gillett 1957), crowding of individuals 
( Woke 1955), parasites (Galvao and Coutinho 1941; 
Beckel 1958), and poisons (DeCoursey and Webster 
1952; Ascher 1957, 1958) all profoundly affect ovi- 
But the way in which these 
experimentally 


position in mosquitoes. 
factors has not yet been 
analyzed. 

Induced oviposition by decapitation in mosquitoes 
was first reported by DeCoursey and Webster (1952) 
in Aedes sollicitans.”” They spoke of this as a “death 
stress” and believed that “anything” short of crushing 
the entire body would lead to oviposition. This is not 
true, for crushing the anterior abdominal segments of 
gravid 4A. aegypti does not induce oviposition. Sub- 
sequently DeCoursey et al. (1953) unable to 
induce oviposition by decapitation in gravid Ano- 
pheles quadrimaculatus. Woke (1955) noted that 
when gravid 4. aegypti were decapitated they laid 
10 to 20 eggs in dry petri dishes. It is of interest 
that Cooper (1953) did not obtain oviposition in the 
gravid hymenopteron, Orussus, following removal of 
the head or thorax even though the ovipositor was 
definitely stimulated by these operations. Decapita- 
tion of gravid silkworms usually does not lead to 
oviposition; indeed, if ovipositing Bombyx are de- 
capitated they instantly cease laying eggs (Mc- 
Cracken 1907). In the silkworm the center for ovi- 
position lies in the abdominal nerve cord itself and 
the brain and thorax inhibit the reflex (McCracken 
1907); in A. aegypti the oviposition centers lie in 
the head and thorax. In A. aegypti, Bombyx, and 
Orussus the activated terminalia reactions are inde- 
pendent of the internal events leading to ovulation 


operate 


were 


and oviposition. 

It is difficult to understand why gravid Anopheles 
cannot be induced to oviposit by decapitation and de- 
thoraxing since they possess a very similarly in- 
nervated reproductive tract (Polovodova 1953) and 
their isolated ovaries are capable of ovulation. This 
suggests that reflex control is not solely responsible 
for ovulation and that some humoral mechanism may 
be involved as suggested by Gillett. 

From the literature and the experiments reported 
in this paper it appears probable that the sequence of 


decapitation was first observed in 
427). He noted that the eggs 


following 
(1924, p. 


12 Oviposition 
Tipula by Bodenheimer 
were explosively ejected 
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events leading to ovulation and oviposition in intact 
Aedes aegypti is as follows: (1) The female takes 
a blood meal which rapidly and greatly distends the 
midgut thus stimulating the central nervous system, 
thereby causing secretion of brain hormone which 
is necessary for secretion of corpora allata hormone 
(the latter hormone is secreted into the hemolymph 
and enters the odcytes, causing them to mature). 
(2) The ovaries become greatly stretched by the 
hormone-dominated egg. (3) Each egg fully ripens 
within its ovariole, and the follicular sheath (in- 
tima) “ruptures”. The ovaries and lateral oviducts 
are fully capable of ovulation at this time but in 
some unknown way are prevented from doing so. 
(4) After becoming activated by an endogenous 
mechanism, the female seeks a place to lay her eggs 
and recognizes the site through contact-hair chemo- 
receptors on the tibia and tarsi (Frings and Ham- 
rum 1950, Wallis 1954a, and Hudson 1956). 
It is assumed that stimuli from the tarsal and tibial 
chemoreceptors reach a brain center which sends the 
signal that permits ovulation and oviposition. (6) 
This signal from the brain appears to be augmented 


55 


by thoracic centers and the message passes down the 
ventral nerve cord to the terminal abdominal gang- 
lion. (7) The terminal abdominal ganglion 
impulses to the eighth abdominal 


sends 
motor segment 
causing it to extend fully and this causes the folded 
(“relaxed”) common oviduct to straighten out and 
become taut. The vagina contracts and readies the 
spermathecae. (8) The terminal ganglion then sends 
(or ceases to send) a message to the lateral oviducts 
so that they will then waft a fully ripened egg from 
the ovary and force it vigorously down the unresist- 
ing tube of the common oviduct. Perhaps gentle un- 
dulations of the ovary assist in moving the ripened 
egg into the lumen of the ovary. (9) The terminal 
ganglion then sends a motor impulse to the vaginal 
lips causing them to open and allow the final ex- 
In the intact mosquito the brain 
must send 


impulses to effect normal oviposition; the abdominal 


trusion of the egg. 
and thoracic centers clearly repetitive 
chain mainly relays the messages but does not initiate 
or reenforce them. 
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SUMMARY 


1. The internal reproductive system of Aedes 
aegypti (Linnaeus) includes: (a) terminal filaments 
which fuse under the heart and attach principally to 
the alary muscles in the second abdominal segment, 
(b) ovaries, (c) lateral oviducts, (d) ampullae, (e) 
common oviduct, and (f) vagina, and (g) atrium. 
Emptying into the anterior end of the atrium through 
a dorsal plate are the ducts of the (h) three sperma- 
thecae and of the (i) accessory gland, and (j) of 
the bursa copulatrix. 

2. The external parts of the abdomen that have 
been modified in connection with the reproductive 
system include (a) a usually retracted but easily ex- 
abdominal segment, (b) a_ small 


tensible eighth 


A-shaped ninth tergum, (c) two, thin, paddle-shaped 
cerci (tenth tergum), (d) a postpygidial plate (fused 


10th and 11th sterna) which separates the dorsally 
located anus from the ventrally located vaginal open- 
ing, (e) a slitlike copulatory orifice which opens into 
the bursa copulatrix, and (f) the dark, hair-fringed, 
hinged lips of the vagina (modified ninth sternum). 

3. The ovarian sheath is made up of a complex 
syncytium of flattened, cross-striated muscles. The 
lateral oviducts and common oviduct possess both 
circular and longitudinal cross-striated muscles, the 
common oviduct having much larger muscles than 
other regions of the reproductive tract. Somatic mus- 
cles support the ampullae and the vaginal region. 

4. The reproductive system is innervated ex- 
clusively from the terminal abdominal 
Nerves passing between the arms of the lateral ovi- 
ducts go to the base of the ovary, lateral oviducts, 
common oviducts, vagina, cerci, anus, and hind gut. 
5. The ovaries in semi-intact preparations con- 
tract rhythmically only in the adult stage, principally 
in an anterior direction. Ovaries in the same in- 
dividual never contract synchronously. When 
isolated or completely isolated the ovaries undergo 
both antiperistalsis and peristalsis. Occassionally con- 
tractions will appear nearly simultaneously at either 
end and sweep towards the center of the ovary. 
Sometimes a wave will originate near the center of 
an isolated ovary and extend both anteriorly and pos- 
teriorly. Nonconducted twitches of the ovaries are 
seen mostly in isolated ovaries. 

6. The lateral oviducts are vigorously and rhythmi- 
cally contractile and appear to be the pacemaker re- 


ganglion. 


semi- 
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gion for the ovarian contractions in the intact animal. 
Although the ampullae contract, the rest of the com- 
mon oviduct not. The vagina is capable of 
vigorous contractions, and these probably cause pro- 
nounced movements of the spermathecae. 

7. Ovarian and/or oviducal contractions of A. 
aegypti are not affected by (a) age (0 to 8 days old), 
(b) sexual status, or (c) nutritional status per se. 
Two different strains of A. aegypti (NIH and Bang- 
kok) had significantly different ovarian and/or ovi- 
ducal contraction rates; the NIH strain which had 
been reared in captivity for many years had much 
slower ovarian contractions than the more recently 
colonized Bangkok strain. 

8. Decapitation and/or removal of the prothorax 
does not produce a significant change in the ovarian 


does 


or oviducal contraction rates. 

9. As the ovaries become increasingly distended 
with developing eggs, the contractions of the ovaries 
often stop altogether. Shortly following oviposition 
ovarian contractions are essentially the same as in 
the pregravid state. 

10. A. aegypti under laboratory conditions usually 
lays from 6 to 175 eggs (averages ranging from 50 
to 137). When they are decapitated and dethoraxed 
and the fourth or fifth abdominal segment is cut off 
in succession, they rapidly lay significantly few eggs 
(about 25); the first group of eggs oviposited by 
such an individual are laid significantly faster than 
the final group. 

11. Only fully gravid A. aegypti can be artificially 
induced to lay eggs, indicating that maturation of the 
eggs is essential to ovulation. Gravid Anopheles 
quadrimaculatus and Culex tarsalis could not be 
forced to lay their eggs by procedures which elicit 
this reaction in A. aegypti. 

12. Although the ovary itself is capable of ovula- 
tion (delivery of a ripened egg to the lateral ovi- 
duct), in the intact animal the contractions of the 
lateral oviducts are not only largely responsible for 
bringing the egg out of the ovary, but are the sole 
force which actually extrudes the egg from the body 
(oviposition). The common oviduct serves merely 
as a conduit and is not essential for oviposition. In 
both Aedes aegypti and Anopheles quadrimaculatus 
the isolated gravid ovary itself is capable of deposit- 
ing a few eggs. 

13. Extension of the eighth abdominal segment 
and contractions of the vagina occur following de- 
capitation and dethoraxing of nongravid, partially 
gravid, and fully gravid A. aegypti and are not 
responsible for either ovulation or oviposition. 

14. Ovulation and oviposition in intact Aedes 
aegypti are regulated by the nervous system, pre- 
dominately by cephalic and/or thoracic centers. 
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ADDENDUM 


Since this paper went to press our attention has 
been called to the important note “The mechanics of 
oviposition by Culex tarsalis mosquitoes” by Bettina 
Rosay (California Vector News 5 (10): 66, 1958) 
Rosay, contrary to our preliminary findings, suc- 
ceeded in inducing oviposition in gravid Culex tar 
salis by puncturing their thoraces. Perhaps 
failure to induce oviposition with our material was 
because we completely severed various portions from 


our 


the body. 
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ABSTRACT 


Measurements on succinate-fortified homogenates of 
both field-collected and laboratory-reared boll weevils 
showed that the homogenates of nondiapausing weevils 
consistently took up more oxygen than those of dia- 
pausing weevils. The difference in respiration rate be 
tween these two physiological states was significant at 


The study of diapause in the boll weevil (Anthono- 
mus grandis Boh.) reported by Brazzel and New- 
som (1959) has added to our knowledge the informa- 
tion necessary to distinguish true diapause from 
hibernation in this insect. Their results indicated 
that a portion of the adult boll weevil population en- 
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the 1 percent level. A difference at the 5 percent level 
was noted between the respiration of three cultures. 
There was no significant difference between the sexes 
Homogenates of weevils in diapause contained approxi 
mately 20 percent more dry-weight material than those 
of nondiapausing weevils. 


ters diapause in the late summer and fall and over- 
winters in this condition. It has been known that 
diapause in the adult stage of insects is a physiologi- 
cal state generally characterized by a termination 
of reproductive activity and atrophy of the gonads 
(Lees 1955). In addition, a build-up of fat body 
metabolites (Lees 1955, 1956), a decrease in water 
content (Andrewartha 1952), a lessening of overt 
activity (Hinds and Yothers 1909), and a decrease 
in metabolism and respiration (Lees 1956), are 


characteristics possessed not only by diapausing 
adults, but also by diapausing immature stages. All 
of these factors found to during boll 


weevil diapause (Brazzel and Newsom 1959) 


were exist 
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The present paper deals with the typical drop in 
respiration accompanying diapause. Measurements of 
the respiration of boll weevils by Brazzel and New- 
som (1959) had revealed that nondiapausing weevils 
respire at a rate approximately 2.8 times higher than 
weevils in diapause. Those measurements were made 
on intact weevils on a wet-weight basis. The cur- 
rent report summarizes the results of experiments to 
obtain an estimate of the respiratory rate, or QOs, 
on a tissue or homogenate dry-weight basis. The ex- 
periments were conducted at the Baton Rouge Lab- 
oratory as a foundation for future research into tissue 
metabolism of diapausing and nondiapausing boll 


weevils. 
MATERIALS AND METHODS 


Most of the insects used were reared in the labora- 
tory on a synthetic diet containing 10 grams of an 
acetone powder of cotton squares and 2 grams of soy- 
bean protein in addition to the constituents of the 
larval diet described by Earle et al. (1959). Weevils 
from three of the stock cultures maintained in the 
laboratory were used, one culture each from Louisi- 
ana, Arkansas, and Mexico. Those in the first two 
cultures were reared from egg to adult at 30° C., 
and were then held on cotton squares at 21° C., a 
condition which has been found to induce about 80 
percent of the adults to enter diapause about 2 weeks 
after emergence. Previous experience with the wee- 
vils from Mexico had shown that it was necessary to 
rear and hold them at 21° C. to obtain enough dia- 
pausing individuals for the experiments. Under these 
conditions about 20 percent of the Mexican weevils 
were in diapause by 2 weeks. Fresh 
presented to all adults daily. When the weevils were 
14 days old they were sexed and divided into the 
two physiological states, diapausing and nondiapaus- 
ing, by visually examining the amount of fat de- 
posited in the abdomen beneath the elytra. Weevils 
with sufficient fat to obscure all internal organs were 


squares were 


classified as diapausing, and those with the internal 
Brazzel 
a_ reliable 
The 


on fresh squares for recondi- 


structures clearly visible as nondiapausing. 
Newsom (1959) found this to be 
distinguishing 


and 
method of 
were returned to 21° C. 
tioning during their 15th and 16th days, and the 
rates of oxygen uptake were measured on their 17th 
and 18th days of adult life. A few weevils could not 
clearly be placed in either group, and were un- 
doubtedly in a state of early diapause development. 


diapause. weevils 


These weevils were discarded, except for one group 
which was used in determining the QO. of adults 
in this intermediate state. 

Homogenates were prepared as uniformly as possi- 
ble. Approximately 250 + 5 
were taken from each of the following: 
males, diapausing females, nondiapausing males, and 


mg. of whole weevils 
diapausing 


nondiapausing females for each of the tiivee cultures. 
Each replicate, therefore, consisted of 12 such groups, 
and each group was prepared as a_ separate ho- 
The weevils were placed in pyrex tubes 


containing 2 ml. of ice-cold phosphate buffer and 


mogenate. 
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homogenized with a motor-driven Teflon pestle for 
exactly 1 minute in an ice bath. The crude ho- 
mogenates were chilled for about 5 minutes, and 
then homogenized again for an additional 1 minute. 
The cuticular debris was removed by passing each 
homogenate through two uniform pads of pyrex 
glass wool fitted into the bottom of a Gooch crucible 
mounted on a suction-filter flask. The homogenate 
was pulled through the pads by gentle aspiration in- 
to a tube surrounded by an icepack. The pestle and 
grinding tube were rinsed with small portions of ice- 
cold buffer and the rinsings were filtered and added 
to the homogenate to obtain a final volume of 5 ml. 

The chilled homogenates were used immediately 
after preparation. Each 5 ml. provided enough ma- 
terial for determining triplicate measurements of 
oxygen uptake, plus a single estimate of homogenate 
dry weight. Homogenate dry weight was determined 
by drying a 1-ml. aliquot in a tared crucible in the 
vacuum oven, after which it was transferred to the 
MS; 4. 24 hours, then cooled and re- 
weighed. 

Oxygen uptake was measured by the direct method 
employing standard Warburg manometry as outlined 
by Umbreit et al. (1957). The following conditions 
were constant throughout : 


oven for 


Center well: 

Potassium hydroxide, 20 percent solution 0.2 ml. 

Absorptive surface pleated filter paper, 1 sq. cm. 
Main compartment : 

Phosphate buffer, pH 7.2, 0.02 mM, composition 

of Colowick and Kaplan (1955) 

Sodium succinate, 0.1 M 

Cytochrome c, 0.1 percent 

Homogenate, in phosphate buffer 1.0 ml. 
Equilibration time after adding homogenate _.10 minutes 
Temperature i teal 
Shaking rate 75 oscillations per minute 

The thermobarometer contained all components ex- 
cept the homogenate, which was replaced by an equi- 
valent amount of phosphate buffer. 


1.0 ml. 
1.0 ml. 
0.2 ml. 


ENDOGENOUS RESPIRATION 

The endogenous respiration was measured on wee- 
vils collected from the Baton Rouge area and on the 
Louisiana artificially reared culture. Warburg flasks 
were charged with all components except sodium 
succinate, which was replaced by 1 ml. of phosphate 
buffer. Homogenates of males and females of both 
physiological states had a very low endogenous rate 
of oxygen uptake. When succinate was added, the 
oxygen uptake increased from 20-fold for diapausing 
to 40-fold for nondiapausing weevils. 

RESPIRATORY RATES 

Laboratory-reared weevils—Approximately 500 
weevils of each of the three cultures were reared and 
preconditioned for measurement of their QO,. The 
respiratory rates are given in table 1. The difference 
between the two physiological states was very clear- 
cut. Nondiapausing weevils consistently took up 
more oxygen than diapausing weevils, and there was 
not a single overlap for either culture or sex. How- 
ever, there difference between cultures 
in the ratio of oxygen used, this difference ranging 


was some 
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Table 1.—Respiratory rates of the three cultures of 
diapausing and nondiapausing boll weevils.* 


Ratio 
nondia- 
pausing: 
diapausing 


Dia- 
pausing 


Non- 
diapausing 
QO» 


Culture Sex 


Louisiana M 10.83 
Louisiana F 14.09 
Arkansas M 7.79 
Arkansas F 6.56 
Mexico M 6.67 
Mexico F 5.98 

Average 8.65 


* Each QOsz is the mean of 6 to 9 determinations. QO2 equals micro- 
liters of oxygen per milligram dry weight per hour. 


from about two- to fivefold. In general, nondiapaus- 
ing weevil homogenates respired 2.8 times higher 
than although statistical interpretation 
shows that this figure is only an approximation. 
Schroder (1957), working with succinate-fortified 
homogenates of the Colorado potato beetle (Leptino- 
tarsa decemlineata Say), found that the nondiapaus- 
ing males respired 2.6 and females 2.9 times higher 


diapausing, 


than those in diapause. 

Table 2 summarizes the statistical 
variance of the respiration data, giving the major 
sources of variation contributed by culture (C), sex 
(S), and physiological state (P), and their inter- 
actions. This statistical analysis showed significant 
differences between physiological states at the 1 per- 
cent and between cultures at the 5 percent levels, 
but no significant difference between sexes. There 
was practically no variation between replicates. With 
respect to the interactions between two or more fac- 
tors, it can be concluded that comparisons of physio- 
logical states between cultures are only approxima- 
tions, since the interaction of C x P is significant 
at the 1 percent level. This implies that for the most 
accurate interpretation of the effect of diapause con- 
dition on respiration one should confine comparisons 
to each culture individually. Thus it would be inac- 
curate to compare diapausing males from Mexico 
with nondiapausing ones from Louisiana. Also the 
interactions of S x C and S x C x P are significant 
at the 5 percent level, which lends support to the 
difference noted between the cultures. 

From table 1 there seems to be an inconsistency 
in the culture with the highest QO. readings. One 


analysis of 


Table 2.—Levels of significance determined by analysis 
of variance of the respiration data for the single factors 
culture, sex, and physiological state, and their interactions. 
Source of variation Statistical significance 
Single Factors 
1% level 
5% level 
Nonsignificant 


Physiological state (P) 
Culture (C) 
Sex (S) 
Interaction of Factors 
1% level 
5% level 
Nonsignificant 
5% level 


LAMBREMONT: HOMOGENATE RESPIRATION OF BOLL WEEVILS 


might expect that either the weevils from Mexico or 
Arkansas would occupy the extremes, with those from 
Louisiana intermediate. Actually the Louisiana cul- 
ture had the highest rate, and differed most from the 
other two. This was the culture that introduced the 
significant differences revealed by the analysis of 
variance. This apparent inconsistency, however, 
shows the necessity of knowing the cultures one is 
working with, and of defining their limits of varia- 
tion. The data in the present study are probably 
not actual estimates of the clinal and regional in- 
tensity of diapause of the whole natural population. 
The experiments were not designed to provide such 
information, and many more samples would be 
needed to disclose geographic differences. Also, in 
working with small, inbred laboratory cultures repre- 
senting a small fraction of the total gene pool, one is 
likely to introduce and intensify differences from one 
rearing group to the next by inbreeding. 
Field-collected weevils—In January, weevils ob- 
tained from trash cotton fields 
near Tallulah, Louisiana, were brought into the lab- 
oratory and placed at 15° C. At intervals 
thereafter the respiratory 
These insects were presumed to be in diapause since 
they were surviving outdoor winter temperatures. It 
was found that there was a gradual increase in res- 
piration from a rate comparable to that of artificially 
reared weevils in diapause to one approaching that 
of nondiapause. It appears, therefore, that laboratory- 
induced diapause is very similar to natural diapause 
in this species. Measurements 
weevils intermediate in diapause development, and 
the respiratory rate was found to be roughly half- 


ground bordering 
various 


rates were determined. 


were also made on 


way between the rates for diapausing and nondiapaus- 
ing adults. 


HOMOGENATE DRY WEIGHT 


The dry weights were consistently higher in ho- 
mogenates made from diapausing weevils as sum- 
marized in table 3. 
males weighed 2.8 mg. more than those from non- 


Homogenates from diapausing 


diapausing males, and 2.6 mg. was the weight dif- 
ference between females. This represents about a 20 
percent increase in tissue dry weight for weevils in 
diapause and agrees with previous observations that 
diapause in the boll weevil is characterized by an 
increase in fat content and a decrease in water con- 
tent (Brazzel and Newsom 1959). It is 
sistent with other reports that diapausing insects 
tend to be heavier and have less water in the tissues, 


also con- 


Table 3.— Mean homogenate dry weights (milligrams per 
milliliter) of diapausing and nondiapausing boll weevils of 
three cultures. 


Nondiapausing 
Males Females 


Diapausing 


Culture Males Females 


Louisiana 10.5 E 3.9 14 
Arkansas ats 9 
Mexico 1 
Average 1. 


? 
9 
2 


i4 
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although Andrewartha (1952) pointed out that this 
is probably an effect rather than a cause of diapause. 
Thus it becomes evident that despite an increase 
in the weight within the cells, the active respiratory 
apparatus of the cell is either held steady or decreased 
during diapause, or is activated after diapause. 
Whether this is due to an actual decrease in the 
physical capacity for tissue oxidation, or to some 
hormonal control of metabolism, or both, is presently 
unknown. 
tinued research on the physiology of diapause in the 


These problems form the basis of con- 


boll weevil. 
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SCIENTIFIC NOTE 


Salivary Secretions of Oncopeltus fasciatus 
(Hemiptera: Lygaeidae)' 


DOROTHY FEIR? and STANLEY D. BECK 
University of Wisconsin, Madison 


During a study of the nutrition and feeding be- 
havior of the large milkweed bug, Oncopeltus fasciatus 
(Dallas), it was observed that the insect was found to 
feed readily on powdered cellulose that had been 
moistened with water and covered with the coat of a 
milkweed seed. Cellulose was considered inert from 
the standpoint of both nutrition and chemoreception; 
feeding must have been induced by chemosensory fac- 
tors associated with the seed coat. After milkweed 
bug nymphs had fed for several hours, the powdered 
cellulose was found to contain relatively large quanti- 
ties of their salivary secretions. Using this “fed cellu- 
lose,” a number of experiments were run to determine 
some of the characteristics of salivary secretions. 

“Fed cellulose” was tested for the presence of 
reducing sugars by means of Benedict’s reagent. No 
reducing sugar was detected, indicating the probable 
absence of cellulase from the bug’s saliva. “Fed cellu- 
lose,” incubated (37° C., 2 hours) with a small amount 
of starch, was tested with Lugol’s iodide reagent, and 
yielded a positive test for an amylase. Incubation with 
sucrose, followed by the Benedict's test, demonstrated 
invertase in the salivary secretions of 
the milkweed bug. A lipase was demonstrated by in- 
cubating the “fed cellulose” with cotton seed oil or 
ethyl butyrate at room temperature for 48 hours, fol- 
lowed by titration to a phenolphthalein end-point. A 
protease was found by the method of Pickford and 
Dorris (1934), in which “fed cellulose” was placed on 
the emulsion side of a developed photographic negative 
and incubated for 20 hours at 20°-22°C. Protease 
activity resulted in a digestive removal of the gelatinous 
emulsion, leaving a clear spot on the negative. All 
enzyme tests were accompanied by controls comprised 
of similarly treated samples of boiled “fed cellulose” 
and untreated powdered cellulose. All control results 
were negative 

To determine that the digestive enzymes found in 
the “fed cellulose” were from salivary glands only and 
not from regurgitation from the midgut, a red-dye 


the presence of 
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Agricultural Experiment Station. This study was supported in 
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Research Foundation. Accepted for publication August 8, 1960. 

7 Present address: Department of Biology, University of 
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tracer was used. Amaranth was mixed with powdered 
cellulose, covered with a milkweed seed coat, and offered 
to a group of milkweed bug nymphs. The bugs were 
allowed to feed on this preparation for different times, 
up to 24 hours. At the end of the experimental period, 
some of the bugs were dissected in order to determine 
the location of the dye in the gut tract and associated 
glands. Other, similarly fed nymphs were transferred 
to diets composed of amaranth-free powdered cellulose 
After 1 or 2 days of feeding the “fed cellulose” was 
examined microscopically to determine whether or not 
any of the amaranth had been injected into the diet by 
the bug. The results of these experiments showed that, 
although ingested amaranth was clearly visible in the 
midgut, no detectable amounts were regurgitated. Nor 
was any trace of amaranth detected in the salivary 
glands or saliva 
It is well established that virus pathogens may pass 
from the midgut to salivary glands of some _ plant- 
sucking insects. In view of this fact and Nuorteva’s 
(1958) finding that the proteolytic enzyme papain may 
be transported from midgut lumen to salivary gland 
secretion in some specics, experiments were designed 
to test such transport in the milkweed bug. Pure papain 
was mixed with powdered cellulose, covered with a milk- 
weed seed coat, and offered to a group of milkweed 
bug nymphs. The bugs were allowed to feed on this 
diet for three days, and were then transferred to diets 
composed of pure cellulose under milkweed seed coats 
Some of the nymphs were immediately sacrificed for 
papain analysis; whereas others were allowed to feed 
on the papain-free diet for 24 hours prior to analysis. 
Salivary glands, midguts, and “fed cellulose” were 
analyzed for papain by the method of Balls and Hoover 
(1937). No evidence was found that the dietary papain 
was transported from the midgut to the salivary glands 
These results indicated that the digestive enzymes 
(amylase, invertase, protease, and lipase) that the milk- 
weed bug injected into its diet originated in the salivary 
glands, and were neither regurgitated nor transported 
from the lumen of the midgut. 
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